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Abstract 
 
 The goal of this project was to design, manufacture, and test a pair of cheap gripping assemblies with 
mount adapters to the Instron TT-C tensile testing machine, which was currently out of service in the Materials 
Laboratory of Central Washington University’s Hogue Technology Building, for educational use. The gripping 
assemblies would enable tensile, or pulling force, tests on tensile specimens up to 20,000 lbs, being able to test 
high carbon steel. The gripping assemblies and mounting adapters were designed and manufactured completely 
by a Central Washington University Mechanical Engineering Technology student who used the cumulative 
knowledge gained from engineering analysis and manufacturing courses over the span of his four years at Central. 
All design and manufacturing were done using the Central Washington University facilities and laboratories with 
the exception of heat treatments which were outsourced. It was estimated that the initial device construction will 
cost $771.00 and 440 man hours. Most gripping assemblies in industry cost anywhere between $6,000 and 
$15,000 for assemblies with a 20,000 lb load capacity. The design of the gripping assemblies was simple with no 
luxury of hydraulic, pneumatic, or mechanical clamping capabilities. The manufacture of the initial pair of 
gripping assemblies was unreasonable and robust due to limitations governed by the capabilities of Central 
Washington University’s lab facilities which also added unreasonable hours to the amount of man hours required. 
In common industrial factories/warehouses owned by testing machine manufacturers, the amount of man hours 
would be significantly less.  
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INTRODUCTION 
 
 The following proposal was written outside of the scope of the author. To satisfy the MET capstone 
project, the author will only be focusing on the completion of the gripping assembly for the Instron TT-C 1055, 
however the designs and methods are included in the report for future completion by other persons to whom it 
concerns.  
 
Motivation: 
 
This project was motivated by the need for a working Instron tensile testing machine. Central Washington 
University owns a nonworking Instron TT-C 1055 with a 20 kip capacity. The problem was the machine 
technology was obsolete and unable to run a tensile test to ASTM E8 standards. The machine was unable to 
measure load or display the behavior of tensile specimens during testing. It was unable to record or graph 
crosshead or load. But the main issue was that it was missing a pair of 20,000 lb capacity gripping assemblies so 
that tensile specimens could actually be pulled apart. The testing machine was incomplete, therefore the addition 
of a pair of gripping assemblies would be the biggest step towards getting the TT-C fully operational. At least 
with the gripping assemblies, the TT-C would be able to perform physical tensile tests. 
A second agenda of the project is to investigate the plausibility of producing a pair of gripping devices 
that are affordable, simple, and easy to use for the educational setting. The large expense of gripping devices 
available in industry make it difficult for educational institutions to own them without having them donated. 
Usually when they are donated, the technology is outdated and irrelevant to the current industrial atmosphere. If 
a cheap and easy to use design is constructed, it will be made easier for educational institutions to own gripping 
devices for tensile testing machines having current technology.  
 
Function:  
 
The testing machine is able to do the following: 
 perform tensile test in accordance to ASTM E8 in a learning laboratory environment  
 run tensile tests at various speeds 
 display and record crosshead distance, speed, and load  
 Gripping assemblies are able to grip tensile specimens   
 
Requirements:  
 
The testing machine must hold to these requirements: 
1. The center lines of the two heads of the testing machine must be concentric with each other and coincide 
with the axis of the test specimen within .001 in of deviation (ASTM E8 5.2.10) 
2. The heads of the testing machine must be compatible with wedge grips, gripping for threaded specimens, 
gripping for shouldered end specimens, gripping for sheet materials, and gripping for wire. (ASTM E 8 
5.2.2-5) 
3. The testing machine must be equipped with properly lubricated spherical seated bearings (ASTM E8 
5.2.3)  
i. Note: Properly lubricated bearings are bearings that are completely covered by lubricating oil.  
4. The speed of the crosshead must not exceed 0.5 in/in per minute (0.5 mm/mm per minute) (ASTM E8 
7.2.7.3). 
5. The testing machine must be able to hold a uniform speed for performing tensile tests (ASTM E8 7.4.1.1) 
6. Crosshead speed and load readings must be automated  
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7. Crosshead speed readings must have precision of at least four decimal places 
8. The load readings of the testing machine must have precision of at least 25 lb (12 N) or 100 psi (0.5 MPa) 
( ASTM E8 7.8.1) 
9. The testing machine must be able to load up to 20 kip without yielding in any of the components of the 
machine. 
10. Any of the components of the gripping assemblies must not exceed a foot in width and the entire 
assemblies must not be longer than three feet in height 
11. The grips of the gripping assemblies must be at least Rockwell C 55 
12. The gripping assemblies must be able to hold 0.5”-1” tensile specimens 
 
Success Criteria: 
 
The testing machine will be successfully designed if it was able to perform these actions: 
 The testing machine was able to perform tensile tests on Steel, Aluminum, tensile specimens in accustom 
to ASTM E8 in less than an hour with specimens between 5/8” and 1” nominal diameter 
 The testing machine was able to perform tensile tests at any speed within the designated range of the 
installed stepper motor controller and at constant speeds 
 The testing machine was equipped with software that measures and reads crosshead distance, speed and 
applied load to the specified precision requirements 
 
Scope:  
 
 The scope of this project includes the Instron TT-C 1055 tensile tester that was owned by Central 
Washington University. The redesign and optimization of this model was restricted to the individual testing 
machine owned by Central Washington University.  
The purpose of the redesign and optimization of the TT-C was to produce an easy to use tensile testing 
machine that will enhance the learning environment of the university laboratory. The aim was strictly educational 
with no commercial interest whatsoever. A machine was desired that was easy for college aged students to operate 
and record stress and strain data as well as experiment with different tensile testing methods related to speed of 
testing and material of testing.  
Extreme precision and accuracy isn’t essential. All that was needed was precision and accuracy that will 
allow students to relate data acquired to theoretical principles and equations of stress and strain.  
The classes offered at Central Washington University that would have use of the testing machine are 
Metallurgy, Applications of Strength of Materials, Plastics and Composites, and Ceramics and Composites. These 
courses would need to test a variety of materials such as high and low carbon steels, aluminum, cast iron, plastics, 
ceramics, and composites. With this, CWU would require the testing machine to be capable of testing all of these 
materials. This was mainly limited by the load cell accompanied with the testing machine which has ranges 
between 500 and 20,000 lbs.  
A set of instructions will be drafted for performing tensile tests on the TT-C to allow for greater ease of 
tensile testing for the students of Central Washington University. 
 
The gripping assemblies will be completely designed, constructed, tested, and assembled. Each 
component of the gripping assembly will be analyzed for stress induced by the load, as well as tested using 
traditional methods such as hardness testing, die penetrant testing, and eddy current testing.  
 
Optimization:  
 
 The precision of the output readings of the testing machine can always be enhanced to be more accurate 
and precise but it quickly becomes unreasonable. Ways of recording the output data of the tensile tests on the 
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testing machine can be added to the software equipped with the testing machine. Graphing capability of stress 
and strain would be beneficial with locating yield and ultimate tensile strengths quickly after testing.  
 Improving the level of control of speed of the tensile tests was beneficial to have accuracy and greater 
variety in experiments involving speed of test. The testing machine can be modified to vary in speed by ten RPM, 
one RPM, 0.1 RPM, etc.  
 The gripping assemblies of the testing machine can be optimized to reduce slipping during tensile tests to 
receive more accurate strain readings. They can be optimized through shape, material specification, length, or 
weight. Different materials can be chosen to reduce the size of the gripping assembly for more compactness. 
Manufacturing processes can be optimized and designed to make the manufacturing process less time consuming.  
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DESIGN 
 
 The redesign of the Instron TT-C 1055 was conceived when it was found that it was not able to perform 
a tensile test in accordance to ASTM E8. The design considerations were innovated in attempt to provide the 
necessities to put the machine to use. The TT-C needed a pair of tensile testing grips, grip housing, housing 
mounts and apparatuses to mount the gripping components to the load cell and crosshead, all of which will be 
designed from scratch. The TT-C also needed a new stepper motor, a distance and speed sensor, a computer and 
computer monitor, and data recording software such as Labview which will all be purchased or acquired by 
donation. The entire left side of the Instron needed to be stripped of its analog electronics because they all were 
outdated and non-functioning. That space was replaced with shelving units to store the computer and monitor and 
all other auxiliary parts that are compatible with the TT-C. 
  
Description of Design: 
 
Below was a rough sketch of the appearance of the redesigned TT-C (Figure 2). More detailed images of 
the components of the TT-C are available in Appendices B5-B27. The parameters designed for were strength and 
size. A strength greater than 20,000 lbs was required for testing materials with tensile strengths of 20,000 lbs. 
This maximum was chosen because the load cell that was owned by the university has a maximum of 20,000 lbs. 
Compact shape and size was desired because there was a limited amount of space between the walls of the testing 
machine. Generally, the design process consisted of eight steps with each step focusing on the design of each of 
the different components being redesigned on the Instron.  
 
 Design and manufacture of the gripping assemblies 
 Acquire and installation of a stepper motor 
 Acquire and installation of a computer with a monitor  
 Equipping of computer with load/speed/displacement measuring software 
 Design and Installation of shelving units for computer, monitor, and auxiliary equipment  
 Restoration of the housing of the TT-C to display appropriate aesthetic  
 
Benchmark:  
 
 The redesign of tensile testing machines was rare, especially older machines consisting of analog 
electronics. However, tensile testing machines are often 
refurbished or reconditioned like the Instron tensile tester at right 
(Figure 1). This implies that prior to refurbishing or 
reconditioning, they were out of service or have experienced 
extreme wear. But after refurbishing or reconditioning, they were 
able to perform the original functions that they were able to 
perform the first years of their service. Below was an example of 
a twenty first century Instron tensile testing machine that was 
refurbished. Everything on the tensile tester has been digitalized 
and compacted to be completely operated from the computer.  
 Also, below was an up-close image of a tensile testing 
gripping assembly to be compared with the designs outlined in 
this proposal. The benchmark was much bigger than the designs 
described below and also only has half of the load capacity.  
 
Figure 1: Benchmark6 
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Performance Predictions:  
 
 The design factors used for determining 
all desired parameters are moderate. The worst 
case scenario was analyzed when doing every 
analysis as well, which was also generously 
exaggerated. With this, failure was highly 
unlikely in all designed components of the TT-
C. All components will be far away from 
yielding and displacement due to bending in 
components will also be minute during tensile 
tests. All parts purchased or acquired through a 
vendor will perform the same way because they 
will be acquired from a reliable and credible 
vendor that uses suitable design and safety 
factors as well.  
 The assemblies, based on the assembly 
drawings (B5-B8), will be able to test tensile 
specimens between 0.55” and 1.00”. These 
values were determined by using the measuring 
functions in Solidworks to find minimum and 
maximum widths between each tensile grip. The 
minimum width was 0.50” and the maximum 
width was 1.10”.  
 During tensile tests, the tensile 
specimens will not slip between the grips of the 
assemblies as long as the load does not exceed 
20,000 lb and the grips are applied sufficient 
force to dig into the material of the tensile 
specimens. As long as the serrations in the grips 
dig into the material, the load will put the 
serrations in shear and therefore be able to hold 
the force without slipping (see Appendix A2).   
Figure 2: Benchmark 0211 
11 
 
 
Figure 3: Future of the Instron TT-C 1055 
12 
 
Description of Analyses: 
 
 The gripping assemblies will be the most critical in analyses. They will primarily be analyzed for stress. 
Because the gripping assemblies will be responsible for holding the tensile specimens in place during tensile 
testing, all components of the gripping assemblies will need to be able to withstand the stresses induced by the 
maximum 20,000 pound pulling force during tensile tests. To fulfill this requirement, the yield strength of the 
chosen materials for the components will need to be greater than the maximum stresses induced on each 
component. The gripping assemblies were required to be designed meeting yield strengths rather than ultimate 
strengths because yielding in any of the components would interfere with the function of the assemblies. The size 
of the cross section related to the load on the component was also designed to bring the maximum stress for that 
component down. Materials with yield strengths higher than 300 ksi are undesirable for these analyses because 
the properties of materials above that yield strength are less predictable and couldbe inconsistent.7 Chosen 
materials must also have percent elongations no lower than 10% to avoid brittle like behavior from the materials.7 
Critical stress equations are  
  
σ=F/A9   σ=Mc/I9   σ=M/S10 
 
 All analyses for the components of the gripping assemblies assume worst possible loading situation. By 
assuming this for all calculations, generous maximum stress values are provided that are higher than the actual 
maximum stress values. Because of this assumption, lower design factors are used in determining the maximum 
allowable stress for the component of the gripping assemblies. The design factors chosen for each component of 
the assemblies will be explained in more detail in the analysis section.  
 
 With choosing and installing a new stepper motor for the TT-C, the purpose was to enable the regulation 
of the speed of the tensile test. According to ASTM E8, the speed of the tests was measured by the strain rate per 
minute of the tensile specimen (ASTM E8 7.2.7.3). The maximum speed indicated in ASTM E8 was 0.5 
in./in./min. This indication of speed was dependent on the material so the stepper motor will be chosen based on 
its range of speeds. Two materials (one weak and one strong) will be chosen to find appropriate minimum and 
maximum speeds for the stepper motor. The maximum speed will be determined based on the translation of 0.5 
in./in./min for High Carbon Steel to stepper motor RPM speed, and the minimum speed will be determined based 
on the translation of 0.5 in./in./min for Lightweight Aluminum to stepper motor RPM speed.  
 The analysis for supporting the weight of the stepper motor by fixed bolts will be neglected because 
stepper motors are generally less than twenty pounds meaning the stress induced at the points of fixture are 
negligible. The maximum holding torque required for performing a tensile test will also be analyzed to determine 
a suitable stepper motor that has a holding torque rating exceeding the maximum allowed by the TT-C.  
The computer and monitor will be chosen based on the required size to fit reasonably in the mounting 
position. The shelving units used to hold the computer and monitor and other auxiliary equipment will be analyzed 
based on max load allowed for the shelving units on each shelf. The max load possible will be determined and 
shelving units will be designed based from those results. Shelving units will also be designed for compact size. 
They need to be able to fit inside the left vacancy of the housing of the TT-C.  
The load and displacement measuring and recording software will be chosen based on the ease of use, 
accuracy, and availability.  The specifications, prices, and easiness of use for different load and displacement 
measuring software will be compared.  
The housing of the TT-C will be inspected for missing hardware and deformed metal coverings. The 
analysis consists of generating a parts list of needed parts to restore the aesthetic appearance of the housing. 
Hardware will either need to be provided or new threading will need to be made in the body of the TT-C to allow 
for the installment of coverings.  
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Scope of Testing: 
 
 The testing of the components and redesign will be simple: a series of tensile tests will be conducted using 
various low and high strength metallic test specimens in accustom to ASTM E8. Before any tensile tests are 
performed, each component of the gripping assembly will be tested for hardness. The entire mechanical system 
will be tested by running tensile tests. The testing will be successful based on the success and accuracy of the 
tensile test results. After the series of tensile tests, each component of the gripping assembly will be tested for 
fracture and cracking using NDT. Each designed component, such as the gripping assemblies and the shelving 
units, will be tested for hardness using Rockwell hardness testers. Each component including all the parts of the 
gripping assemblies will be tested for hardness individually either in house or by the outsourced heat treat 
specialists for the parts. The shelving units will also be tested by load application while deflection and rigidity 
are observed and recorded. The stepper motor will be tested for its ability to hold its minimum and maximum 
RPM speed and its ability to maintain constant speed during a tensile test. The measuring software will be tested 
based on their accuracy in measuring displacement. This will be done by comparing the software results to an 
alternative measuring device with assured accuracy such as a dial micrometer. The set of instructions to be drafted 
will be tested for understanding by performing a case study on a Mechanical Engineering Junior student who will 
perform a tensile test using the drafted instruction. The results will be provided through the answers to a post-test 
survey completed by the Mechanical Engineering student.  
 
 
 
 
Analysis 
 
Gripping Assembly  
 
There will be two gripping assemblies: one to be mounted at the top where the load cell was located and 
one to be mounted at the bottom on to the cross head as shown in the generalized picture above. The gripping 
assemblies will have all the same parts except for the adapting piece. The adapter for the gripping assembly to be 
mounted at the load cell will be specifically designed for the load cell and likewise for the gripping assembly to 
be mounted at the cross head of the TT-C. These components are all designed primarily for strength and 
secondarily for compactness. It was decided to use high strength tool steel, particularly AISI S7, and SAE 4140 
for most of  the components as noted in Appendices A1-A11 and Appendix C. Tool steel was preferred over other 
alloy steels because of the increased hardenability of tool steels. 4140 was preferred over other materials for its 
wide variety of hardenability options as well as its ductility and toughness.7 Because of the applications of the 
design, it was required to keep ductility between 10 and 25 percent. The more ductile the materials in the grip 
assembly are, the less accurate the strain data will be when performing tensile tests. However, the less ductile the 
materials are, the more brittle they will be and more susceptible to fracture when experiencing shock loading.7 
These are the components for both gripping assemblies. Detailed drawings are available in Appendix B5-B17. 
Also a summary of analyses was available in the table below.   
 
 Load Cell Mount Adapter      Housing Mount (QTY: 2) 
 Crosshead Mount Adapter     Housing Pins (QTY: 8) 
 5/8”-18 x ½ Heim Joint (QTY: 2)    Housing (QTY: 2) 
 Mounting Pin (QTY: 4)     Grip (QTY: 4) 
 Coupler (QTY: 2)      Spring (QTY: 8)  
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Table 1: Summary of Analyses 
Part Name Critical Stress Material Yield Strength Actual Design Factor 
Load Cell Mount 
Adapter 
78.2 ksi SAE 4140 OQT 400 251 ksi 3.21 
Crosshead Mount 
Adapter 
144.8 ksi SAE 4140 OQT 400 251 ksi 1.73 
Mounting Pin 51 ksi SAE 4140 OQT 400 251 ksi 4.92 
Mounting Pin Failure 
Mode 
51 ksi SAE 4140 Annealed 54 ksi 1.06 
Coupler 130 ksi SAE 4140 OQT 400 251 ksi 1.93 
Housing Mount 65.7 ksi SAE 4140 OQT 400 251 ksi 3.82 
Housing Pins - SAE 1020 43 ksi - 
Housing 200.8 ksi SAE 4140 OQT 400 251 ksi 1.25 
Grip 15.25 ksi 
S7 Tool Steel 
OQT400 
300 ksi 19.7 
 
Load Cell Mount Adapter:  
 
 The load cell mount adapter was designed to attach to the load cell, so the design was primarily based on 
making an adapter with an internal threading that matched the external threading on the load cell. The adapter 
also needed an internal threading that matched the external threading of the heim joints being used in the gripping 
assembly. A drawing of the component can be seen in Appendix B5. For this component the size was already 
determined by the threading of the load cell and heim joint and also by the area available between the load cell 
external thread and the wall of the hole the load cell rests in. These measurements give requirements for specific 
hole callouts on the two internal threads for the adapter and the outside diameter of the adapter. 
 So the main analysis was to be done concerning the strength of the materials to be used for the load cell 
mount adapter. The maximum load on the component was 20 kip. The stresses were analyzed on the component 
focusing on the areas where the threads were. Where the threads were was where the most stress would occur 
under the max load. To calculate the tensile stress thread area, the thread formulas below were used.  
 
Tensile Thread Area Equations2,10  
 
 At = 3.1416((Es,min/2) – (.016238/n))2  σ > 100 ksi 
  
 At = 0.7854(D – 0.9743/n)2   σ < 100 ksi 
 
 The larger ½-12 thread had a maximum stress of 12.7 ksi while the smaller 5/8-18 thread had a maximum 
stress of 78.2 ksi. A design factor of 1.5 was desired because the load application was considered static, the 
confidence in the calculations was high, and the worst possible situation considered was generous.10 The actual 
design factor was 3.21. The critical stress will be met by SAE 4140 alloy steel oil quenched and tempered at 
400 F with a yield strength of 251 ksi.8  
 
Crosshead Mount Adapter:  
 
 The crosshead mount adapter was designed to attach to the crosshead of the TT-C. The hole locations for 
the base plate of the adapter were already determined by the hole locations already drilled and tapped on the 
crosshead. Compact design was not an issue to be considered for this component because the crosshead size gave 
a max length and width of 8 x 5 in.  
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The most critical size consideration was the thickness of the base plate which would determine the bending 
stress caused by the tension force of the test and the reaction forces at the four bolt locations fastening the adapter 
to the crosshead. For this particular analysis, having the largest stress, the situation was exaggerated extremely 
assuming the adapter would be out in free space with a downward force on the end of the plate. The adapter was 
considered in this way because the normal forces from the cross head and the fasteners on the base plate were 
unpredictable, except by Finite Element Analysis. Considering the adapter in this way as well as applying a 
suitable design factor would assure zero yielding or fracture. This maximum stress, calculated using Flexure 
Formula and taking into account the stress concentrations from the offset holes (stress concentration 
factors found at eFatigue5), was 146 ksi. A design factor of 1.25 was desirable which was met by SAE 4140 
alloy steel oil quenched and tempered at 400 F giving an actual design factor of 2.88 (see Appendix A10). 
The stresses in the threading of the cylindrical portion of the adapter were also considered again using the 
tensile stress area for a thread to calculate the stress. The stress only amounted to 118 ksi. Also considered were 
the stresses on the washers and fasteners that will fix the adapter to the crosshead. The design stresses for the 
fasteners and washers are 76 and 88 ksi, calling for high strength alloy steel washers and fasteners [A9].  
 
Heim Joints:  
 
 The heim joints were purchased components of the gripping assemblies chosen for their strength capacity. 
The required strength for the heim joints was 20 kip because that was the maximum load that the load cell was 
capable of enduring. The second limiting factor for choosing a heim joint was the diameter of the hole in the ball 
of the joint. It had to be ½ in because the mounting pins were designed to a diameter of ½ in for compactness. 
The heim joint that was chosen was a 5/8-18 x ½ heim joint with a load capacity of 24 kip.   
 
Mounting Pins: 
 
 The mounting pins were designed for compactness and strength. They needed to be strong enough to resist 
the shear stress experienced under the maximum load as well as compact enough to be lightweight and easy to 
manipulate (putting in and taking out the pins to disconnect/reconnect the grips to the mounting assembly). 
Analyzing a ½ x 2.4 in pin, the maximum shear stress experienced when loaded with the maximum load 
was 51 ksi, making the design stress 64 ksi using a design factor of 1.25. This was excessively satisfied by 
SAE 4140 alloy steel giving a actual design factor of 4.92 (see Appendix A8).  
 However, the top mounting pins that will mate with the heim joints will be designed for a failure mode in 
shear so that they fail before any other part. The cost on the mounting pin was cheapest among the parts affected 
by the 20 kip load. These two pins will not be heat treated, which gives them a yield strength of 54 ksi, meaning 
they will fail at 21.2 kip loading. This was an overloading for the entire assembly but the design factor used for 
the other parts will ensure safety as long as the failure mode mounting pins fail at 21.2 kip.  
 
 
Coupler:  
 
 The Coupler was designed for usability and strength: how well could the component be used to assemble 
the gripping assembly and the mounting assembly and how well will it be able to hold under 20 kip.  
 The Coupler had to mate with the heim joint and the housing mount. The Coupler was just large enough 
in inner diameter to be concentric with the housing mount and wrap around the heim joint. With these dimensions, 
the component was analyzed for its stresses under load. The pin holes were assumed to not be filled with the pins 
under load and stress concentration factors for those holes were considered. These assumptions for the analysis 
allowed for very generous results, also allowing for the use of a design factor of 1.25. Therefore the design 
stress for the Coupler was 163 ksi which was excessively satisfied by the AISI SAE 4140 alloy steel giving 
an actual design factor of 1.93. 
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Housing Mount:  
 
 The housing mount was designed to mate with the housing of the grip assembly and support the housing 
well under the maximum load. Strength was the primary factor of design and the need for compactness was slim 
because the size of the housing was relatively large to the rest of the components of the gripping assembly. The 
piece was designed with two changes in cross sectional area for the purpose of mating well with the housing and 
Coupler. A larger cross sectional area in the middle of the component would allow the piece to become snug with 
the housing after being screwed into the housing. The change in cross sectional area also introduces stress 
concentrations as well which all need to be considered. Each stress concentration was considered and the one that 
produced the highest stress was the symmetrical hole in the top portion of the component. The hole was designed 
for mating with the mounting pin that would connect the housing mount and the Coupler. The maximum stress 
introduced in the housing mount was 99 ksi with a design factor of 1.5 factored into the value [A6]. The 
design factor was chosen because of the lack of confidence in the stress value. The distance between the hole 
location and the top face of the component was a little over 3/8 of an in which introduces additional stress to the 
component. The component was also analyzed assuming the hole for the pins wasn’t filled with a pin. This 
provides reason to increase the design factor but not by much. The maximum stress in the housing mount was 
satisfied by again the AISI SAE 4140 alloy steel (see Appendix A7).  
 
Housing Pins:  
 
 The housing pins were included in the design to be inserted in with the grip housing and grips to mount 
springs that would connect the housing to the grips. This would prevent the grips from popping out from the 
housing due to the shock of a tensile specimen fracturing. The stresses on the housing pins were assumed to be 
negligible because they are going to be encompassed by a high strength alloy steel and have no limitations for 
their allowance to deflect and bend. Because of these considerations, cold rolled 1020 ductile steel was chosen 
for the material of this component. 1020 steel was very ductile and has appropriate tensile and shear strengths 
for applications where low strength was required.  
 
Grip Housing:  
 
 The grip housing was the most complex design of the entire gripping assembly. Shape and strength were 
extremely essential parameters for design because at the housing, the highest stress will be experienced due to the 
bending stress placed on the tapered arms of the housing. Tapered arms were chosen for design because they 
would allow ease of operation and mounting of the tensile specimen for tensile tests. The tapered arm removed 
the need for an external clamping agent for the housing.  
The angle of the tapered arms was essential to reducing bending stress in the arms. Five degrees 
couldchange the maximum stress by approximately 50 ksi. The smaller the angle was in the arms, the smaller the 
maximum stress in the arms was and the greater the width was of the entire housing. So it was a tradeoff between 
compactness and required tensile strength. Knowing that alloy steel was being used, compactness was preferred 
over lower required tensile strength. With a high maximum stress, the width of the housing was still over seven 
inches. Higher strength alloy steel could have been selected and designed for to reduce the width of the housing 
even more, but the cost of the material was also a major parameter to consider because the budget for the project 
was very tight.  
Another important dimension was the space between the tapered arms. The space had to be wide enough 
so that both grips and a tensile specimen of at most 1.00” in diameter could fit within the space.  
 With the dimensions that were specified for the housing, the maximum stress was computed to be 
200.8 ksi. A design factor of 1.25 was chosen which brought the design stress to 251 ksi. The design factor 
of 1.25 was chosen because the confidence in the calculations were high. The maximum stress was computed for 
generous assumptions. The load was assumed to be a single point load a quarter of the length up the tapered arm. 
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The reality was the load was distributed across the tapered arm with the resultant force about 1/3 up from the end 
of the arm. The design stress was satisfied by SAE 4140 alloy steel (see Appendix A4 and A5).  
 The threaded hole location on the housing for the housing mount was also an area analyzed for stresses. 
The threading was designed to be on the top face of the housing to transmit the load vertically and the hole callout 
dimensions were determined depending on the highest stress that would be introduced. Because the maximum 
bending stress in the arms was 200.8 ksi, it was desired for the stress at the thread to be equal to or lower than 
that value. The normal stress formula was set to equal 251 ksi to find minimum tensile stress area for the thread. 
A hole callout was then chosen that would give a tensile stress area higher than that value. The decided hole 
callout was 1-12 UNF giving a tensile stress thread area of 0.71 in2 (see Appendix A6).   
 
Grips:  
 
 The grips were designed to generate a shear force capable of pulling with 20 kip and capable of resisting 
the compressive stress from the normal forces of the tensile specimen and the tapered housing arms. Once the 
required shear force was calculated, the normal forces of the tensile specimen and of the tapered arms were 
determined. With these, the compressive stress on the grips were determined. The stress was 16 ksi (see 
Appendix A1).  
 The shape of the grips were designed to have a vertical face where the course serations would be machined 
in for holding the tensile specimens by digging into the specimen, and an opposite tapered face for mating with 
the face of the tapered housing arms for smooth movement across the face. The hole location was placed to avoid 
being too close to the center of gravity for the component as well as avoid being too close to the edges of the part, 
which would introduce higher stresses at the hole locations.  
 The maximum stress calculated to be on the teeth of the grips was the bending stress calculated using the 
formula outlined in the machinery’s handbook for triangular beams.3,4 The maximum shear stress on the teeth 
of the grips was 64 ksi [see Appendix A2]. This will be met by S7 tool steel tempered at 400 F, with a design 
factor of 19.7 and HRC of 58. The design factor was allowed to be so large because the hardness of the tool steel 
and that results from tempering the tool steel was desired. Tensile specimens can have HRC values within 35-55. 
Therefore, it was crucial that the HRC value of the grips was higher than 55 to ensure that no deformation occurs 
in the grips during tensile tests. 
 
  
Springs:  
 
 The springs were purchased chosen based off of their maximum and minimum elongation lengths and 
their strength. By simple geometric calculation seen in Appendix A3, the maximum and minimum elongation 
requirements were 2 and 5.5 in. The springs needed to stay within this range of length and be able to sustainably 
anchor the grips into the housing without being disconnected from the assembly at all. The maximum load 
calculated for the springs was 1.25 lbs bringing it up to 2.5 lbs with the design factor of 2 [see Appendix 
A3]. The design factor was chosen because the calculations weren’t fully confident given the hole stress 
concentrations were ignored and the load locations were approximated. The chosen springs were 0.026 inches 
in wire diameter, 2-5.5 inch range, and a 5 lb load capacity.  
 
Fasteners and Washers:  
 
 The fasteners and washers were purchased and specified to resist the maximum stresses and loads that 
were calculated in Appendix A6 and A8. The fasteners and washers had a maximum stress of 76 and 88 ksi 
which will be met by standard industry high strength fasteners and washers. 
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Heat Treatment:  
 
 The two steels chosen for a majority of the components a part of the gripping assembly were heat treated 
to their yield strength of 251 ksi (4140) and 300 ksi (S7). The S7 and 4140steel wereoil quenched and tempered 
at 400 F.  
 The 1020 steel used for the housing pins was simply annealed or cold drawn, already obtained in the 
condition desired, so heat treating was not necessary.  
 
Nature of the Loads:  
 
 All the loads are considered static because the load was applied slowly during tensile tests to where it was 
not considered fluctuating or cyclical. Because of this, it was unreasonable to consider the endurance strength of 
the materials, however tool steel generally has appropriate endurance strength. The environment of the machine 
was inside at room temperature in a dry air atmosphere. These conditions are fair, so further analysis was not 
needed. None of the components will be painted or coated, so the dimensions were not modified. The components 
of the gripping assembly may experience shock when fracture occurs in the tensile specimen during a tensile test, 
but the shock will cause the component materials to quickly return back to its original grain structure, which 
introduces compression in the materials. Compression was generally an aid to reducing endurance fatigue so the 
effect of the shock was not analyzed.  
 
 
Stepper Motor  
 
 The stepper motor was to be purchased or obtained by donation based on RPM speed range and level of 
variation. The maximum strain rate outlined in ASTM E8 was 0.5 in/in/min, so a stepper motor that has a RPM 
speed that translates to this maximum strain rate was desired. Analysis was performed to determine a conversion 
factor from strain rate to RPM speed. The details of this analysis are outlined in Appendix A11. The calculated 
maximum RPM speed needed was determined to be 33.5 RPM. The stepper motor must also have at least 
five steps (see Appendix A12).  
 The stepper motor will be wired to a driver and controller circuitry that will be able to plug into an I/O 
module connecting the stepper motor with Labview, the controller and output data interface. The software will 
read the RPM speed in terms of voltage and then convert the voltage data into an RPM reading. EET/Tech 
assistant help will be required for seeing out this component of the redesign.  
 
 The computer and monitor for running the interface program for the TT-C will be acquired and installed 
onto one of the designed shelving units which will be discussed later. The computer and monitor will not be bolted 
or fastened to the TT-C housing in any sort of way; they will simply sit on the shelving unit. All of the necessary 
wiring for the computer and monitor will be fed out the back of the TT-C housing.  
 
Load/Speed/Displacement Software 
 
 Labview was the interface of choice for equipping the TT-C with a means of outputting and recording 
load, speed, and displacement data from any given tensile test on the TT-C machine. The load input for the 
software will come from the load cell which will measure the load placed on it, convert that measurement into 
voltage that can be read by the program, and then converted back into the load measurement. The speed input for 
the software will come from the stepper motor in which the same measurement to voltage reading back to 
measurement conversion will take place so that the software can measure and read the data appropriately. The 
displacement input will be for an extensometer which will measure strain in the tensile specimen. The 
extensometer will not be designed and constructed for this project, but the input will be available for when one 
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was designed in the future. The principles of measurement/voltage conversion will be the same for the 
displacement output. The help of an EET major or Technical assistant will be sought out for assistance in the 
programming of these inputs and outputs in Labview. Labview was chosen mostly because for programming an 
interface, coding was not required.  
 
Shelving Units  
  
 The shelving units were designed to replace the analog instrumentation hardware on the left side of the 
TT-C housing to provide a useful storage space for the computer, monitor, and other auxiliary equipment for the 
TT-C such as the calibration weights, different sizes of grips, etc. Three shelving units were designed: one for the 
computer and monitor, one for the keyboard and mouse, and one for the auxiliary equipment. Each unit will 
consist of three parts: one base and two triangular shaped walls. The biggest concern for design was that the hole 
locations in the shelving units for the bolts had to match the hole locations already in the housing of the TT-C. 
The next concern was for them to fit within the walls of the TT-C housing. The dimensions of the shelving units 
were designed as such.  
 It was also required for each shelving unit to be able to hold a distributed load of at least 100 lbs. The 
analysis was available in Appendix A11. The shelving units were designed to be made from 1/8 inch sheet metal, 
so analyzing the bending stress in the parts was essential. The components were analyzed separately. For the 
triangular walls of the units, they were approximated to be triangular beams and the stress analysis outlined in the 
Machinery’s Handbook and Marks Handbook were used to approximate the stress in the triangular wall.1,3 The 
max design stress calculated out of all the components of all three designs for the shelving units was between 
1 and 3 ksi which was satisfied by 1020 annealed sheet steel with a yield strength of 43 ksi [A13-A15]. A 
design factor of 2 was used because of the ductility of the material chosen and because of the approximation 
during the stress analysis. However, the material chosen was exceedingly satisfactory of the design stress and was 
the most effective material to obtain. 
 
Housing/Aesthetic  
 
 There isn’t much that can be done to benefit the appearance of the TT-C from a design point of view and 
in view of the scope of the redesign. The best that could be done was a couple hardware replacements. Appearance 
was not critical to a lab environment so the lack of ability was not detrimental to the project.  
 
Kinematics 
 
 All designed components are assumed to be static all the time. It was acknowledged that this isn’t true but 
the assumption was viable. The stresses that occur in the gripping assemblies are introduced at a very slow rate 
during the tensile tests to be performed on the TT-C. Because the rates of application of the loads are slow, the 
loads could be assumed to be static without serious design flaw.  
 Concerning the shelving units, loads will be fluctuating and removed, but the loads will not fluctuate and 
be removed often. Because the variation in load on the shelving units isn’t recurrent in short time intervals, the 
analysis of the loads could also be assumed to be static. The impulse and shock loading from quickly 
placing/taking objects off the shelving units introduces slightly higher stresses, but they could be disregarded 
because of the ductility of the material chosen (1020 Annealed Steel).  
 
Tolerances and Ergonomics 
 
 The tolerances were placed on the dimensions of the designed components to ensure quality but cheap 
manufacturing. High tolerances were only placed on features of components where the dimension was critical to 
mating with another component. High tolerances were generally on circles and cylinders because for the design 
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of the gripping assemblies, concentricity was critical to ensuring there was no bending forces introduced on tensile 
specimens during axial tensile tests. Low tolerances were placed on features that weren’t critical to the function 
of the part. For example, the dimensions on the diameter of the housing pins weren’t crucial at all along with the 
holes for the springs in the housing pins.  The spring wire diameter was much lower than the diameter of the hole 
that it will mate with, making the dimension of the hole noncritical. 
 The tolerances on the loads of the designed components had some variation in range. For a decent amount 
of the analyses, approximations about the load situation were made. This made the tolerance for the loads 
relatively high (approximately 8 ksi). These tolerances were made safe by the assumptions made when performing 
the analyses and the design factors. For every analysis, the worst case scenario was analyzed and a design stress 
was calculated using that data. The materials being used for the parts are also very reliable, so the tolerance on 
the loads was in more of a decreasing direction than increasing. The design stresses are more of the time over 
exaggerated than under exaggerated.   
 
 The efficiency of the engineer was governed by the amount of errors made through the designing and 
manufacturing processes. The more errors made the less efficient. Considering the engineering student was a 
novice at the design process suggests that the labor will be slower than that of a professional engineer. Twice as 
much time to complete tasks will need to be arranged in the schedule to compensate for this. The environment of 
the engineering student also brings the efficiency of the student down. Because the redesign of the TT-C was not 
being conducted in an industrial setting where ample manufacturing equipment was available and the product was 
not being mass produced, the time allotted will need to be again twice as much. Due to the assessment of 
efficiency, it was determined that the engineering student will be at least four times less efficient than a 
professional engineer in a mass production environment.  
 
Technical Risk Analysis 
 
 The greatest level of risks exists in the manufacturing portion of the redesign of the TT-C, namely the 
gripping assembly. The stock material to be machined, heat treated, and machine finished was a very high quality 
material that was expensive. The budget for the material was also tight, so mistakes in the manufacturing process 
cannot be afforded. There was also a high level of risk in entrusting a mechanical engineering student with a 
project that will cost the university money. Because the engineering student was not yet a professional engineer, 
the student has very little experience with the design process and was much more likely to produce a TT-C 
redesign with flaws and errors in the design.  
 The engineering student also has little experience in programming and in using Labview so the risk was 
elevated of the student programming the output interface incorrectly. The same risk applies for building the 
circuitry for the stepper motor.  
 However, the engineering student was going to be assisted by professional engineers which will bring the 
calculated risk of error significantly low, therefore making the risk manageable.  
 
Operation Limits 
 
Operation limits are most applied to the gripping assemblies. During tensile tests, the load was to NEVER 
exceed 20,000 lbs. All analyses were done assuming a max load of 20,000 lbs. This was reasonable because the 
load cell on the tensile tester has a max load of 20,000 lbs. Also the size of the tensile specimens must be between 
0.625” and 1.000” diameter. These limits were obtained using tensile test simulation in Solidworks using the CAD 
assemblies along with different sized CAD tensile specimens. These limits never allow the grips to be more than 
half way out of the housing’s tapered arms. If they ever were during a tensile test, the moment induced on the 
grips as a result may cause the grips or the housing to yield.  
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METHODS AND CONSTRUCTION 
 
 The construction and methods approach will proceed as it was for the design and analysis portion of the 
redesign. It will consist of the manufacturing and assembly of the gripping assemblies, the building and 
installation of the stepper motor and its wiring, the installation of the computer and monitor hardware, the 
programming and installation of the output interface software and hardware, the manufacturing and assembly of 
the shelving units, and the maintenance on the housing of the TT-C.   
 The manufacturing processes of this redesign will consist of mostly machining and programming. Many 
parts are being directly bought as fully capable components or being donated. A drawing tree of the entire project 
can be seen in Figure 3 below. The gripping assemblies will be machined, the shelving units will be cut and 
welded together, and Labview will be programmed. Everything else will be either ordered or donated.  
 
Gripping Assembly 
  
Construction Plan  
 
All parts of the gripping assembly will be machined except for the heim joints, springs, fasteners, and 
washers. These parts will be purchased from an outside vendor. Costs are estimated from McMaster-Carr. All of 
the material stock costs will be estimated from Hudson Tool Steel Co. and Speedy Metals. The material stock will 
be purchased in either round or rectangular, stock non precision-ground. The machining lab located at Central 
Washington University will be the lab where the parts will be machined. The parts will be either machined using 
high speed tool steel or carbide tooling. The parts after machining will be sent to Pacific Metallurgical for heat 
treatment. One trip to Pacific Metallurgical will be taken. If parts are able to be shipped instead, then that will be 
the first choice of transfer.  
 
  The load cell mount adapter will be faced on both sides, turned to its final diameter, and then either bored 
or drilled through the center to the minor diameter of the internal threading. The holes will then be tapped using 
a manual tap to their specified hole callouts. The details on these features for the component are marked in 
Appendix B10.The function of this component was to mount to the load cell connecting the load cell and the rest 
of the gripping assembly. 
 The crosshead mount adapter will be a product of two machined parts: the cylindrical component and the 
square component. The cylinder will be turned and faced to final dimensions and then drilled and tapped to the 
specified hole callout specified in the drawing of this part in Appendix B9. The square component will only need 
to be faced and milled to final dimensions. Once both components are machined, they will need to be welded 
together. The bottom cylindrical face will be welded to the center of the top face of the square component. The 
square component will mount to the crosshead of the testing machine and the heim joint will thread into the 
cylindrical component. This part will connect the rest of the gripping assembly to the crosshead. 
 The heim joints will be purchased from an outside vendor and will mate with the crosshead and load cell 
mount adapters. The top mounting pin will then mate with the bored out hole in the spherical bearing of the heim 
joint. The heim joints are what provide spherical rotation for the gripping assembly which will reduce any bending 
stresses in the tensile specimen during tensile tests. One heim joint will be at the load cell end and the other at the 
crosshead end. They will allow for a 5-10 degree variation in direction. 
 The mounting pins will simply be faced and cut to the final diameter and length. They will serve the 
purpose of pinning together the heim joints to the couplers and the couplers to the housing mount. The detail 
drawing of the pin was available in Appendix B13. 
 The couplers will be faced, turned, and bored to their final diameters and length. They will then be drilled 
to produce the two through all holes to their final diameters. The holes will serve as seats for the mounting pins 
allowing the heim joints and housing mounts to be brought together. The inner diameter to be bored out will mate 
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with the heim joints and the housing mounts. A more detailed drawing of the coupler was available in Appendix 
B11.  
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The housing mount will be turned to the three final diameters, drilled through all at the pin location, and 
externally threaded on the bottom cylindrical portion of the part. The bottom cylindrical portion of the part will 
screw into the housing and the pin will go through the pin hole that was concentric with the drilled pin holes on 
the coupler. These features will mount and connect the housing to the coupler system. The detailed drawing of 
this part was available in Appendix B12.  
 The housing will need to be CNC milled because of its complex shape. It will also require a great deal of 
time because of its thickness and size. The program for milling the part will need to be made and then the CNC 
mill will do the rest. Everything will have to be cut in at least two passes because of the great thickness of the 
part. The edges and diagonals will be cut from the stock with the purpose of reducing weight and size. The middle 
bottom portion will be cut out to form the tapered arms with the purpose of providing a seat for the grips. Then 
the holes will be drilled through all for holding the housing pins. Detailed drawings are available in Appendices 
B15-16. 
 The housing pins will be turned to their final diameters. Then the two through all holes will be drilled at 
the ends. The through all holes will be a hooking location for the springs which will hold the grips, keeping them 
from falling away from the assembly. The housing pins will be machined from cold drawn 1020 steel so the 
process will be quick (see Appendix B14). The springs will be bought from McMaster-Carr having a maximum 
elongation of five inches so that the grips can extend far enough to grip small tensile specimens such as ¾ inch 
diameter specimens.  
 The grips will be cut and faced to final length and width. The gripping teeth will then be milled using a 
CNC mill with the work piece placed and clamped at an angle. The tapered edge will then be milled using an 
indexing head to clamp the work piece. The tapered edge will mate to the tapered edge of the housing and the 
gripping teeth will bite into the tensile specimen to hold it in place during tensile tests (see Appendix B17).  
 
Actual Construction Methods  
 
 Constructing the gripping 
assemblies required rethinking 
many of the manufacturing 
processes planned. This was largely 
due to the student’s lack of 
machinist skill and the lacking 
capabilities of the manufacturing 
facilities of CWU. To be able to 
successfully construct the 
components, the tolerances on all of 
the components had to be modified 
to accommodate for greater 
variation in geometry 
measurements. All non-critical 
dimensions were changed to have 
tolerances between .030’ and .050”. 
Some components even had 
dimensional tolerances of .100”. 
Changing these tolerances to 
accommodate the outfit of the 
available facilities and the skillset 
of the student allowed every part to 
pass first article inspections on the 
first run which saved time and money. The budget of this project was very strict because the funds were coming 
Figure 5: Tensile Gripping Assembly - Unassembled 
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from the university, so it could not be afforded to scrap any parts. In the entirety of the manufacturing processes, 
only one housing pin was scrapped due to a drill bit breaking while drilling one of the holes. Below was a detailed 
synopsis of each manufacturing process.  
 
 Manufacturing the load cell mount adapter went according to plan for the 
majority of the manufacturing process. The stock was able to be faced and 
turned without great difficulty. Boring the cylindrical hole within spec was 
also not a problem. Tapping the cylindrical hole to the full depth however was 
a problem. The only 1-12 UNC taps that were available to the student were 
non-starting hand taps, so no matter what, the hole could never be tapped to 
the full depth. The student had to determine if the part would be fully 
functional without having the full depth of the cylindrical hole tapped. The 
load cell mount adapter was designed to have a .95” thread depth and it was 
determined that the load cell the part would fasten to had .8” of external 
threading. With the hand tap, the student was able to achieve .65” of thread depth. Fastener analysis was not 
performed, but thread equivalent areas were used in stress analysis to determine the maximum stress on the thread 
depth of the part. The maximum stress on that thread area was only 12.7 ksi, and knowing the part would be heat 
treated to a tensile strength of 290 ksi, it was assumed that 
the .65” thread depth would suffice. Tapping the 5/8-18 
hole in the part was no problem because it was a through 
all hole.  
 The crosshead mount adapter was manufactured to 
plan with slight changes in geometry. The 5/8-18 tapped 
hole in the cylindrical portion of the part was made a 
through all rather than a 1 5/8” depth to ensure the 5/8-18 
tap could thread to the full called out depth. The cylindrical 
stock was called out to be 2.25” stock so that it didn’t have 
to be turned down, but to save money, 2 ¾” stock was used. 
This turned out to be a bad manufacturing decision because 
it took more time to turn the cylindrical component then it 
was worth. The plate component of the crosshead mount 
adapter had four .4” holes drilled at the corners so that the 
part could be fastened to the crosshead of the tensile 
machine. During assembly of the part to the crosshead, it 
was discovered that all four holes weren’t concentric with the threaded holes on the crosshead. To accommodate 
for this, the corner holes of the part were increased to a .46” diameter. This made assembly possible. Both the 
cylindrical and plate components were surface ground on the mating surfaces 
in which they were to be welded. The weldment was constructed by a peer 
who was a certified welder. Dual Flux core wire was used and the fillet weld 
had a weld bead of 3/8”. 
  The heim joints needed no additional fabrication when received. 
However the heim joints had much greater rotational capacity than 
anticipated. Only five to ten degrees of rotation were expected, but the heim 
joints allowed for up to 20 degrees of rotation on all three axes of rotation. 
This did not hinder the assembly of the components, however it did hinder the 
operation of the heim joints’ original purpose. To restrict the degrees of 
rotation, two washers were placed on both sides of the heim joints when 
assembled with the upper mounting pins. This restricted one of the axes of 
rotation and also restricted unwanted translation along the upper mounting pins.  
Figure 6: Load Cell Adapter 
Figure 7: Crosshead Adapter 
Figure 8: Washers placed between heim 
joint and coupler inner walls 
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 The mounting pins were machined as planned. The 
chamfers on the mounting pins were not cut with a chamfer tool, 
but with a course file while chucked in a manual lathe to speed 
up the run time of the chamfers.  
There were assembly issues with mating the mounting pins with 
the housing mounts and couplers because of the concentricity 
error of the holes drilled through the couplers, but this error was 
not affected by the cylindricty of the mounting pins.  
 The couplers were faced and bored as planned. A more 
efficient way to produce the couplers would have been to 
purchase tubing stock rather than round bar stock. It also would 
have been less expensive. The holes through the sides of the 
couplers were drilled using a mill and V-Blocks to locate and 
clamp. The concentricity error that was discovered during 
assembly in those holes was assumed to be a result of slippage 
of the work piece in the V-block as well as lack of accuracy in locating the center of the work piece. It was also 
possible that the force imparted to the work piece by the drill caused the work piece to deform which would cause 
the holes to not be concentric.  
 The housing mounts were machined as planned but a few operator errors were made during production. 
The fillets going between the different diameters along the part are not consistent because a cutter with the proper 
designated fillet radius was not used. Also while the external 
threads were being cut into the cylindrical face, the operator 
became distracted and two threads along the part were 
destroyed. These errors did not hinder assembly, but they 
ensured imperfect mating.  
  Manufacturing the housing for the gripping 
assemblies was the most difficult process of all. Because of 
the strength of the material and the thickness of the parts, the 
manufacture time became much more costly and time 
consuming than originally predicted. Six tool bits were 
sheared, the CNC program was altered 10 times, and the run 
time for each part was roughly six hours in the process of 
creating the housings. After trial and error, finally an 
adequate combination of cutter speed, feed, and depth of cut 
was determined to successfully machine the parts on a CNC 
mill. The material was determined to be too tough for the 
material removal process chosen to make the part. The geometry of the part and the strength of the tooling did 
not allow any means of reasonably milling the part to the designated geometry. A better material removal process 
would have been water jet cutting the part geometry. Water jet cutting was able to efficiently cut thicker materials 
without the use of metallic cutters. This alternative process would have also left a cleaner finish than CNC milling 
which left large chatter marks. The accuracy would have also been improved. 
Because of the difficulty in machining the housings, the parts in all dimensional 
aspects were out of tolerance. However, the parts had to be accepted because of the 
expense of the stock material to create the parts.  
 The operations of the housing were first performed on a scrap aluminum 
block milled to the same size as the stock of the 4140 to be used for the real parts. 
The aluminum block was used to correct all mistakes in the program and work 
offsets while machining the aluminum block so that the 4140 block material could 
be saved from being scrapped. However, due to the great variation in material 
properties between aluminum and 4140 allow steel, the cutters of the mill react 
Figure 9: Heim Joints, Mounting Pins, Housing Mounts, and 
Couplers 
Figure 10: Housing setup for cutting pocket of Housing 
component 
Figure 11: Housing, Housing Pins, 
Springs, and Grips assembled 
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differently when machining the two materials so approximations 
could only be made from observing the machining of the dummy 
piece about how the cutters will react to the actual material. There 
were many machining flaws on the housing parts once completed. 
There were many lips and lack of symmetry. The parts way out 
of there tolerances but the student was forced to accommodate the 
parts in the assembly so that they would function properly.  
 The housing pins were changed in geometry to ease the 
manufacturing process. Because of 
the small diameter of the pins, a flat 
had to be made where the through all 
drill holes would go on the ends of 
the pin. Little machining was 
required for the pins. They were cut, 
faced, and drilled.  
The grips were machined differently than planned. Rather than machining the 
serrations with an end mill, they were machined flat with a form tool. A carbide form 
tool was used and there was great difficulty with preventing the tooling from 
breaking. Four form tools were purchased for completing the grip operations. To keep the tooling from breaking, 
the feeds of the tool paths had to be slowed down which made run times for each serration operation 3 hours long. 
This hindered the efficiency of the production 
process considerably.  
 
Stepper Motor 
 
The stepper motor will be acquired 
from CWU storage by donation. The circuitry 
will need to be built. A driver circuit will need 
to be either purchased or built with model 
number L297. A controller circuit will then 
need to be built with a model number L298. 
A joint circuit board was not able to be found 
or purchased so the circuits must be built 
separately and then assembled. Once they are 
assembled and capable of routing to a 
programmable receiver, the switches will 
need to be made and routed. An enable 
switch, a direction switch, and a speed 
controller oscillator will need to be built and 
programmed. Once the assembly was complete, the switches and stepper motor and circuitry will then need to be 
mounted to the Instron TT-C in some sort of way.  
 
Load/Speed/Displacement Software 
 
 The output program needs to be programmed to read load and speed. For measuring and reading load, the 
output port at the load cell will need to be analyzed to know the conditions at the output to be able to program a 
measurement reading mechanism into a programming interface such as Labview, the one that will be used for this 
project. The interface will need to be programmed to read the specific voltage corresponding to the measured 
load. The program will also need to differentiate between the different ranges that the load cell was capable of 
Figure 12: Housing Pins with Springs 
Figure 13: Grip 
Figure 14: Previous non-functioning Stepper Motor 
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measuring within. The programming in essence will be reverse engineering. For programming the interface to 
read speed, within the stepper motor should already be a voltage to RPM conversion device, so it will only need 
to be programmed to read RPM.  
 
Shelving Units 
 
 The shelving units will replace the outdated electronics on the left 
side of the Instron TT-C. They will hold the computer and monitor and 
other computer components, all hardware for measurement reading and 
circuitry, and auxiliary items compatible with the TT-C. They will be 
mounted by screws using the already drilled holes in the TT-C housing 
to mate the shelving units to the TT-C housing.  
 The top shelving unit will be all one piece formed using thermal 
forming (using a heat source to shape the material, like blacksmithing). 
The holes to mate concentrically with the holes on the TT-C housing will 
be drilled into the work piece before the thermal forming was performed.  
The top shelf will be for the computer and monitor to rest on. It will be a 
flat horizontal surface with no steps.  
 The middle shelf and bottom shelf will be composed of a base and 
two sides. The two sides will be triangular and curved 90 degrees. After 
the 90 degree curve, two holes will be drilled to mate with the holes 
already drilled into the TT-C housing. The drilling will be done before 
the thermal forming. The stock will be rectangular sheet that will be cut 
at the specified angle shown in Appendix B17-B20. After the cuts are 
made to make the specified triangular shape, the holes for the mounting bolts will be made, then the piece will be 
thermally formed. The purpose of the side walls was to provide additional support for holding up the base as well 
as providing effective hole locations for mounting position.  
 The base will simply be cut to length and width. No further modification to the base was needed because 
it will simply be a flat plate. The purpose of the base was to provide a surface for the objects to be placed on to 
hold. 
 
Assembly  
  
 Once all machine components are assembled and mounted to their proper location, the load cell of the TT-
C will be calibrated using calibration weights. The proper calibration weights are already owned by Central 
Washington University.  
 
Assembling the gripping devices was more difficult than anticipated. The biggest issues were thread and 
pin fittings. Every single thread mate in the assemblies were very tight. None of the thread fittings could be 
fastened completely by hand; additional torque had to be provided by a high strength flat head screwdriver 
inserted into a hole on the component being fastened. For all of the 5/8-18 threads fastening to the heim joints, 
they could not be fastened completely, so a little of the thread was visible which increases the length of the 
assemblies as a whole. These issues do not interfere with the functionality of the part, but do take away from the 
ease of assembly. It would be best if all of the thread mates were tapped a second time to loosen the fit.  
The pin fittings that mate the mounting pins and the couplers also made for difficult assembly. For almost 
all four of the pin fittings, the mounting pins had to be hammered into their pin slot. For one of the pin slots, it 
was necessary to grind the inside face of the hole down to increase the diameter of the hole. Doing this to all  
of the pin slots would make for easier assembly.  
Figure 15: Outdated electronics on left side of 
Instron TT-C 
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Another aspect of assembly that was difficult was assembling the grips to the housing by the housing pins 
and springs. This was difficult because to assemble, the grips and the housing pins and springs had to be held up 
at the same time while also trying to install correctly. The springs purchased were also less rigid than originally 
anticipated. This made it difficult to loop the springs to the housing pins at the hook locations. When the grips are 
assembled to the housing, they don’t stretch out the springs, but they extend a considerable amount.  
 
Manufacturing Issues  
 
 The biggest manufacturing issue will be the limited amount of resources for machining the components 
for the gripping assembly. The machine shop being used for construction of the gripping assemblies was only 
equipped with high speed steel tooling, and the budget does not allow for the purchase of solid carbide tooling. 
This will force the manufacturing process to go very slowly for cutting speeds and feed rates will be required to 
be extremely slow and small. A second issue with manufacturing was the little amount of skill available in CNC 
machining which will slow the manufacturing process even more. The most reliable human resource was the 
project engineer himself who has very little CNC machining experience. Basic machining and welding skills are 
also minimal.  
  The availability of materials was also scarce. The budget only allows for purchasing the amount of 
material that was needed exactly. This means that mistakes or errors during manufacturing will not be allowed to 
occur. The process must be flawless in order to produce the parts of the gripping assemblies to the dimensions 
outlined in their renderings. If mistakes are to occur, the drawings will have to be modified to have broader 
dimensions.  
 Availability of shop will also provide obstacles for the completion of the manufacturing process. The 
machine shop will not be open 24/7, shop times will have to be scheduled and shop times will also be limited 
meaning that the completion of components for the gripping assembly will have to be done under tight schedules.  
 The availability of expertise in electronics and programming was also scarce, so this will slow down the 
completion of all circuitry construction, programming, and wiring. Scheduling will also be an obstacle for 
manufacturing as far as heat treating of parts, shipping and handling times, and precision ground machining goes. 
The schedule will not be very flexible.  
 
 
 
TESTING METHOD 
 
 The testing methods that will be performed will test the strength of the materials of the components after 
being machined and heat treated. They will also test for material damage throughout the components such as 
cracks and deformation. The purpose of the testing methods was to ensure the strength and endurance of the 
material, to ensure the components will not fail due to yielding or fracture. The components of the TT-C needing 
to be tested will be the gripping assemblies and all its individual parts, the stepper motor and all of its parts, the 
computer and monitor, and the programmed software and hardware of the output programming.  All testing will 
be performed at Central Washington University using the testing equipment and capabilities available.  
 
Gripping Assembly 
 
 All singular parts of the gripping assemblies will be tested for hardness to ensure the hardness and strength 
of every part. They will be tested using Rockwell hardness testers and will be tested in three locations for each 
change in geometry or change in cross sectional area at critical loading areas. The hardness values for each section 
of change in size and geometry will be averaged and analyzed for assurance of strength. The average hardness 
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values will also be used to determine the approximate tensile strength of each section for assurance of strength. 
The data will be recorded using an evaluation form for hardness testing. 
 To test the device’s capacity to grip 0.5”-1.0” specimens rigidly, a 0.5” and 1.0” specimen will both be 
placed in the gripping assembly and tested for rigidity by putting a small load on the specimen. If the specimen 
was immovable by the operator, then the test will be considered successful.  
 Three tensile tests will be performed using the gripping assemblies: one on an Aluminum tensile specimen, 
a low carbon steel tensile specimen, and a high carbon steel tensile specimen all with a 0.5” circular cross section. 
These tests will allow the gripping assemblies to be placed under light load with little shock at fracture, as well 
as high load with intense shock at fracture. These tests will be performed so that the individual parts of the gripping 
assemblies may be tested and analyzed proceeding the conditions they are placed under. The tensile tester to be 
used, the Instron TT-C, will not be equipped for measuring load or displacement, so tensile specimens with 
definite material properties will need to be used for these tensile tests. This data will be recorded through 
observations.  
 The gripping assembly will also need to be tested for cracks using die penetrate testing. The die penetrate 
will expose any cracks under a UV light. The results of this testing will be recorded through photographs of each 
component part. Eddy current testing will also be performed on the thicker component parts of the gripping 
assembly using an eddy current tester to test for internal cracks. This data will be recorded using an evaluation 
sheet. The die penetrate and eddy current testing will be performed after the gripping assembly has been a part of 
all three tensile tests.  
 
Stepper Motor  
 
 The stepper motor will only need to be tested for speed. It will be tested for speed by running through a 
reliable output reading interface such as an already set up Labview measurement reading program. The testing 
will test the stepper motor’s ability to reach maximum RPM speed, minimum RPM speed, all step speeds in 
between, and its ability to hold those speeds up to duration of one hour. These results will be tabulated using an 
evaluation sheet. The stepper motor will also be tested for its endurance and strength when it has been a part of 
three tensile tests. These results will be tabulated by either success or failure.  
 
Other Components 
  
 The other components such as the computer, monitor, load/speed/displacement programming, and 
shelving units will be tested by observation alone. If the computer and monitor are able to turn on and off and 
hold the software and programmable interface, then the testing will be successful. The load/speed/displacement 
software testing will be successful if the programmable interface was able to read known speeds and loads within 
one digit of precision. The shelving units will be observed for displacement and deformation with its maximum 
allowable weight placed on each shelving unit. They will be observed only by the naked eye. These results will 
be tabulated through photographs and evaluation sheets.  
 
Results and Discussion of Testing 
 
Gripping Assembly 
  
 After all of the testing that was done on the gripping assemblies, it was concluded that the gripping 
assemblies were able to withstand at least 10,000 lbs of pulling force. This covers all reasonably sized 
Aluminum test specimens. The assemblies were not able to be tested for greater strength due to a failure in 
testing machinery causing the TT-C to not be able to pull loads past approximately 10,000 lbs. This was no fault 
to the gripping assemblies, but leaves the actual strength of the devices unknown. Further testing is desired to 
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determine the true strength of the gripping assemblies when the TT-C is repaired, or a new machine capable of 
pulling the loads of 20,000 lbs is acquired.  
  
 
 
 
BUDGET/SCHEDULE/PROJECT 
MANAGEMENT 
 
 The redesign o the Instron TT-C 1055 will mostly be an in-house project. Next to all resources will be 
either provided or retrieved by Central Washington University. Everything constructed and produced will be done 
using Central Washington equipment, resources, and funds. All funds not approved by Central Washington 
University will be provided out of pocket by the engineering student himself. All parts and costs have been 
estimated and checked for affordability. All costs are reasonable for what was being produced. The schedule of 
the project was intensive and will be difficult to keep, but was not impossible. There are myriad resources 
available within Central Washington University such as through faculty, staff, and equipment. Professionals in 
the engineering field are available for support and help with accomplishing project duties if there ever was a time 
where the engineering student was not able to comprehend the task himself. The project was managed through 
complete in-house resources and expertise. All outsourcing a part of this project was through in-house 
connections.  
 
Proposed Budget 
 
 All parts and material stock will be purchased from either McMaster-Carr or Hudson Tool Steel Co. (if 
nothing cheaper could be found). All needed tooling will be purchased from MSC Industrial Supply. The heat 
treating services will be provided through Pacific Metallurgical. These vendors are either local or able to ship 
and handle to Central Washington University. A detailed budget and parts list was available in Appendix C1 and 
D1.  
 The parts cost are estimated to be $795.72 for the gripping assembly alone. The total cost goes up to 
$1005.72 considering the entire TT-C redesign. Factoring in labor and other services needing to be done for the 
redesign such as heat treatment and testing, the cost for the gripping assembly alone was $846.65 dollars and for 
the entire redesign was $1056.65.  The heat treatment costs are estimated to be zero. After talking with one of the 
representatives of Pacific Metallurgical, because the project was purely educational, they offered their services 
free of charge. 
 A majority of the labor needed for the completion of the project will be done by the engineering student 
himself so it will be free of charge. All labs and pre-owned equipment of Central Washington University will be 
available for use without charge. All expertise and knowledge resources will be provided as well without 
additional charge.  
 Funding will be provided by Central Washington University and by the personal funds of the engineering 
student. Central Washington has already agreed to provide all funds needed for the project, so any last minute, 
unexpected charges will need to be covered by the engineering student. If time permits for completing the entire 
Instron TT-C redesign, the remaining amount of 210 dollars will need to be covered by the engineering student 
or additional funds will need to be requested from Central Washington University.  
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 The actual cost of the gripping assembly project was $1114.15 total. This means that the project went over 
budget by $267.50. This extra cost came from the additional material that was needed to be bought for the repairs 
of one of the housings as well as for the replacement stock for constructing the grips. This extra cost also comes 
from the replacement of the broken tool bits that were broken during the manufacturing of the housing and grip 
components. Welding rod was also purchased for the repairs and compatible shelving units were purchased rather 
than designed and constructed for the tensile testing machine.  
 Costs could have been reduced if different manufacturing methods and processes were chosen and if 
manufacturing was done more efficiently. If manufacturing was conducted by an experienced manufacturing 
engineer, time and money could have been saved by avoiding many beginner mistakes.  
 
Proposed Schedule 
 
 The project will span over the course of nine and a half months starting in September and ending in June 
with a couple breaks from the project. The project will be divided into three phases: Design and Analysis, 
Construction, and Testing. Phase 1 has spanned from September to the beginning of December, Phase 2 will span 
from January to the middle of March, and Phase 3 will span from April to June. The estimated total amount of 
hours to be spent on the project was 529 hours. For just the gripping assembly, the amount of hours was reduced 
to 440 hours. At the end of the first phase, December 1, the deliverable was the proposal for the project. At the 
end of the second phase, March 15, the built and assembled device was the deliverable. At the end of the third 
phase, June 8, the deliverable was the testing report and all evaluation sheets of the device along with the full 
report and presentation of the gripping assemblies. More detailed deliverables and milestones can be seen in the 
high level Gantt charts for each phase available in Appendix E1-E3.  
 Like was said earlier, the schedule must be kept tight. It was not able to be flexible. Deadlines cannot be 
missed especially during phase two. During phase 2, a part must be completed once a week in order to make the 
heat treating appointments on time to have a working full device by the end of the phase.  
 
The actual hours spent on the project was 406.52 hours. This is almost a 40 hour reduction even with all 
of the loss in time during manufacturing. With proper manufacturing processes and equipment, the man hours 
spent on the project would have been reduced by at least half saving much on the financial budget. It is miraculous 
that the expected amount of hours spent on the project was not exceeded with the limited skill in manufacturing 
and the limited manufacturing resources available to the student engineer. This shows that this design, if altered 
and improved upon on the analysis and manufacturing side, can be a really cheap product to produce.  
Many of these saved hours come from the removal of strict tolerances on the components during the 
manufacturing phase. Because the tolerances were made larger, the manufacture time for those parts was 
significantly faster. So even with the added hours from manufacturing the housing, time was saved during 
manufacturing.  
During the testing phase, much less time was spent on the tasks at hand as well. Testing took nowhere 
near as long as was predicted. In an industrial setting, testing would probably take longer than was taken by the 
engineering student. 
 
Project Management 
 
 The biggest, most reliable human resource was the mechanical engineering student running the project. 
Other human resources were available such as faculty and staff or expertise who are listed in Appendix F1. All 
these human resources except for Ron Baker are employees of Central Washington University offering 
educational knowledge and support on how to proceed with processes unknown to the engineering student.  Ron 
Baker was a useful resource for learning about the nature and functions of the Instron TT-C originally.  
Other resources such as the shops and labs that are available for use at Central Washington University 
also are of great assistance to the completion of the TT-C redesign. In the labs there was a plethora of machining 
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and CNC machining equipment for the machining of parts, there was many spare parts and material stock for use 
in making parts. There were also many spare machinery parts available in the storage areas of the labs such as 
stepper motors, circuit boards, and controllers. The outside vendors were also viable resources for gathering 
information on the nature and specifications of the parts they sold. Information was able to be gathered about the 
original condition of the material or part, the condition of it when shipped, and special guidelines on how to 
change the condition of the material or part in a safe and appropriate manner.  
Many software resources have helped greatly in the production of the design of the components of the 
Instron TT-C redesign. Programs such as MDesign and Solidworks helped with drafting and analyzing the stresses 
in component parts. Solidworks allowed for Finite Element Analysis, and MDesign allowed for a plethora of 
options for stress analysis of each component part for the purpose of determining appropriate dimensions and 
material of each component part. The web was also resourceful for providing engineering related websites that 
provided material properties for different materials, formulas for special circumstances in several contexts, and 
finding cheap and reliable vendors for purchasing parts and material stock.  
 
 
DISCUSSION 
 
Pre-Production Discussion 
 
The project evolved dramatically in that it started with extreme complexity, but due to limited resources, 
became more and more simple. The entire redesign of the Instron TT-C was in the scope of the project for this 
year, but the scope reduced to only focusing on the gripping assemblies for the Instron TT-C. The design of the 
gripping assembly also evolved dramatically. It was first designed to be almost industrial quality with clamping 
mechanisms and compact size, but again the design was limited by the amount of manufacturing resources 
available. The design was simplified to have less components and greater size so that a less complex material 
could be used. The gripping assembly began with a built in ball joint a part of the assembly itself, also having a 
tightening arm connected to a block that would push the grips down to clamp. These components were all 
removed. The assembly was made into a self-clamping grip assembly, clamping by the taper and the tensile force 
from the tensile test when applied.  
 The most modified component of the gripping assembly was the housing for the gripping assembly. The 
tapered arms were redesigned more than five times to find an appropriate size/strength medium. Size was a critical 
tradeoff for maximum stress in the tapered arms. To develop a housing member with a small enough maximum 
stress required reanalyzing and redrawing multiple times, trial and error. For future analyses of housing members 
for gripping assemblies, it would be desired to produce an excel spreadsheet relating size of tapered arm to 
maximum stress in the member in order to reduce the tedious work of redrawing and reanalyzing.  
 Other features that needed to be redesigned were the housing mount and the coupler because of the 
analysis done at the hole locations for the pins. The analysis was first performed assuming the load was uniformly 
in the member rather than at the pin hole. But later, the analysis at the pin hole was performed as a precaution and 
it was found to be a higher stress, so both members had to be redesigned.  
 It was also a long process discovering how the gripping teeth in the grips would be manufactured into the 
grip body. The gripping teeth were first assumed to act as friction, so a friction coefficient was found that would 
be required for the grips. It was then discovered through research that the gripping teeth bite into the tensile 
specimen causing a need for shear force rather than frictional force. There was no need for redesign of the grips 
finding this because the material was already chosen with extremely high yield strength, but the analysis had to 
be done to provide security for the design.  
 The design of the load cell mount adapter and the crosshead mount adapter was slowed down due to the 
unknown callouts of the external threading on the load cell and the internal threading of the four holes on the 
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crosshead. These callouts had to be identified before the design of these two components could be completed. 
The identities were discovered by using thread finder templates and thread checkers. Once these were found, the 
maximum stresses were able to be determined and the component parts could be designed in accordance with the 
maximum stress that would be induced on the part.  
 Material selection was a very long process because there were so many different design stresses to satisfy 
that the design would allow for the selection of many different materials. The materials for all parts of the gripping 
assembly were chosen three times. First high strength alloy steels with complex heat treating requirements were 
chosen along with some stainless steels but due to limited availability, all materials were chosen again. Second, 
4140 steel was chosen for all component parts with all different heat treatments to satisfy the allowable design 
stresses. This was a good choice because it satisfied the design stresses and it was readily available. But these had 
to be thrown out because of a specification of the customer’s desire. The customer requested tool steel to be the 
material of choice, so tool steel was chosen. The customer requested tool steel because of its high tensile strength 
and hardness.  
 Setting tolerances was another factor of the design that was changed frequently. The ability of the 
machining tools available was overestimated by the engineering student so tolerances were initially set high. 
Tolerances were often not placed enough on component features as well. Tolerances had to be broadened often 
and geometric tolerances had to be reset on certain features often as well. The only purpose for the tolerances for 
this design were to make the component parts mate with each other and make sure the machines available could 
machine the component parts.  
  
 
 
 The shelving units weren’t redesigned as much as the components of the gripping assembly were because 
the design would be simple. The design was required to hold up a maximum weight of 100 pounds and had to 
mount to the TT-C housing using the mounting holes already in the housing, so all dimensions were already set 
for the shelving units. Designing the shape was the difficult portion of the design, drafting a design that would be 
simple, compact, and easy to manufacture. The engineering student knew there wouldn’t be much time allotted 
to construct the shelving units so they couldn’t be time consuming. The shelving units were restricted to consisting 
to only one part as much as possible.  
  
 The stepper motor was initially going to be bought with full controller unit and all included, but a stepper 
motor ended up being available for donation from Central Washington University so it was decided to use that 
stepper motor for the design and to build the controller unit and circuitry. This made the design process much 
more drawn out concerning the stepper motor so it had to be allotted more time for construction in the phase two 
schedule. 
 
Post Production Discussion 
 
 After constructing and testing the gripping assemblies it has been realized that many things could have 
been done differently. The student engineer has already come up with new design ideas of how to make the 
production of the gripping assemblies easier and how to make the performance of the gripping assemblies better. 
The gripping assemblies displayed in this report were designed with little to no insight on how the manufacturing 
of the designs would be carried out. Now that the student engineer has had much time constructing his designs, 
he was now able to construct new designs with the foresight of how the manufacturing process will be completed. 
The student engineer has learned what material was easiest to work with and what geometries are easiest to work 
with. He has explored the capacities of different kinds tooling and set up, as well as different material removal 
processes. The age old saying says, “The first design was always the worst design”. The more design projects and 
the more design drafts that the student engineer engages in, the better his designs will become.  
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 During testing, it was found that the housing design was flawed enormously. The top portion acted as a 
beam with a stress concentration from the threaded hole and was very vulnerable to failure. During the first tensile 
test with an Aluminum test specimen, the bottom housing actually failed and needed to be repaired at the hole. 
The housing was welded back together and two 0.5” x 1.5” plates were added to each side near the bottom of the 
arms. This was done on the top housing as well to prevent that component from failing as well. It was determined 
that a better design would be for the grips to be enclosed on all side so that there was no chance the housings 
would act as beams in any section of the geometry. Having the housings enclosed on all sides would require the 
housing to be in two components which would also ease the manufacturing process. If the housings were in two 
component pieces, then the thickness of part to be machined would be half what it was during this design project. 
Speeds and feed would be able to be increased to increase production time and less parts would be worn, driving 
the manufacturing cost down considerably.  
 Also to be reconsidered were the heim joints in the gripping assemblies. They allowed excessive play that 
hindered the functionality of the devices. Better design would omit those and would allow play at the mating of 
the housing and housing mounts which would allow small amounts of rotation in the device. This would be done 
by making the housing and housing mounts mate by slot rather than by threading.  
 
 Looking at functionality of the constructed design, there were many flaws in ease of loading tensile 
specimens. Loading a tensile specimen in the top assembly was easy enough. The grips would be lifted by the 
operator and the specimen would be inserted between the grips and then pulled down to snug. The bottom 
assembly however proved very difficult to load a specimen in. To get the specimen loaded, the grips had to be 
opened while the specimen was placed between, but then to ensure clamping of the specimen, both grips had to 
be lifted simultaneously so that both grips came out of the housing equally. This process took about five whole 
minutes to complete correctly.  
 Other functionality problems were ensuring the specimens would be directly in the middle of all four grips 
and on both assemblies, an equal amount of the specimen was being gripped. There was no means of doing this 
accurately with the current design, so they had to be approximated, which would allow for skewed data to be 
collected when performing tensile tests.  
 
 
CONCLUSION 
 
 The project of conceiving and designing a set of gripping assemblies for the TT-C was an engineering 
project because it had elements of design, engineering analysis, and manufacturing. Every component of the 
gripping assemblies was analyzed for maximum stress they were capable of carrying with a required load limit 
of 20 kip. Every component was designed and drafted to hold original dimensions and shape. It had been assessed 
that there were enough resources available to complete the project as well, so the project met the requirements of 
being an appropriate senior engineering project. The cost was able to be covered by all funds that were provided 
from Central Washington University and the principal engineer. The principal engineer only had to invest $60.00 
into the project out of pocket.  
 On top of that, the design met most the functions and requirements of the device. The gripping assembly 
was able to grip tensile specimens and had dimensions of 5 in x 7 in x 3.0 in which was within the cubic foot 
limit.  The load requirement was not able to be reached however. This was the most vital requirement, but because 
of the overlook in the design of the housing component and an overlook in the design of the weldment (cross head 
adapter), the gripping assemblies were only tested up to 10,000 ibs. To not risk breaking the assemblies a second 
time, they were not tested higher than that. Further design and manufacturing will be done to complete the 
redesign of the Instron TT-C and the gripping assemblies will also be redesigned to be stronger, smaller, and more 
efficient.  
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Item Number Component Strength Required Part/Material Quantity
1 Grip Assembly
1a Grip 128 ksi S7 (220 ksi cap) 1
1b  Housing 212 ksi 4140 OQT 400 (255 ksi cap) 1
1c Housing Pins Negligable Load SAE 1020 Annealed/Cold Drawn 8
1d Coupler 163 ksi 4140 OQT 400 (255 ksi cap) 1
1e Housing Mount 100 ksi 4141 OQT 400 (255 ksi cap) 1
1f Mounting Pins 64 ksi 4140 OQT 400 (255 ksi cap) 1
1g Load Cell and Crosshead Mounting Adapter 118 ksi 4140 OQT 400 (255 ksi cap) 1
1h Crosshead Mounting Adapter 183 ksi 4140 OQT 400 (255 ksi cap) 1
1i Heim Joint  20000 lb 4475T151 (24000 lb cap) 2
1j Spring 2.5 lb 9432K31 (5 lb cap) 2
1k Bolts 76 ksi 91251A628 (120 ksi cap) 1
1l Washers 88 ksi 90850A200 (89 ksi cap) 1
2 Stepper Motor Speed Required
2a Stepper Motor 0-33.5 RPM 1
2b Stepper Motor Controller and Driver 1
3 Computer/Monitor System Requirements
3a Computer Able to run Labview 1
3b Monitor <20 x 18.125 in 1
4 Output Programming
4a Software Digitally reads out data Labview 1
4b Hardware Compatible with labview 1
5 Shelving Units
5a Base 2  ksi 1020 Cold Drawn( 42 ksi yield) 1
5b Walls 1 2 ksi 1020 Cold Drawn( 42 ksi yield) 1
5c Walls 2 2 ksi 1020 Cold Drawn( 42 ksi yield) 1
5d Top Shelving Unit 2 ksi 1020 Cold Drawn( 42 ksi yield) 1
5e Hardware Flathead Screws and Nuts 2 ksi 4
5f Hardware Flathead Screws and Nuts 2 ksi 4
5g Hardware Flathead Screws and Nuts 2 ksi 2
5h Hex Bolts 2 ksi 2
6 Housing
6a Sheet Metal Covers
6b 10-32 UNF Flathead Screw 3
6c 10-32 UNF Screw Nut 3
6d .164-32 UNC Screw 1
Parts List and Estimated Expenses
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Appendix C 2: Parts List and Estimated Expenses Continued 
Stock Size/Piece (in) Total Size (in) Dealer Price/Unit Shipping/Tax Total Price 
Rectangular 1 1/4 x 2 1/2 x 3 3/4 1 1/4 x 2 1/2 x 15 Hudson Tool Steel 69.30$                185.00$                254.30$           
Rectangular 2 1/2 x 9 x 7 2 1/2 x 9 x 14 1/4 Speedy  Metals 366.40$              -$                       366.40$           
Round 3/8 x 3 3/8 x 25 CWU -$                    -$                       -$                  
Round 2 x 3 2 x 6 Speedy  Metals 19.95$                19.95$              
Round 1 3/4 x 3 3/4 1 3/4 x 7 1/2 Speedy  Metals 18.00$                18.00$              
Round 1/2 X 2 1/2 1/2 x 10 Speedy  Metals 2.16$                  2.16$                
Round 2 3/4 x 5 1/4 2 3/4 x 5 1/4 Speedy  Metals 37.68$                37.68$              
Rectangular 1/2 x 4 x 4 1/2 x 4 x 4 Speedy  Metals -$                    -$                  
n/a 5/8-18 x 1/2 n/a McMaster-Carr 29.66$                -$                       59.32$              
(6 per pack/8 needed) 2-5.5 x .026 n/a McMaster-Carr 10.55$                -$                       21.10$              
(8 per pack/4 needed) 3/8-16 x 1 1/2 n/a McMaster-Carr 9.76$                  -$                       9.76$                
(25 per pack/4 needed) 3/8 in n/a McMaster-Carr 7.05$                  -$                       7.05$                
-$                  
Packaged Unit n/a n/a CWU(Donation) -$                    -$                       -$                  
CWU Built n/a n/a CWU (Donation) 10.00$                -$                       10.00$              
-$                  
CWU(Donation) -$                    -$                       -$                  
CWU(Donation) -$                    -$                       -$                  
-$                  
Download n/a n/a CWU(Donation) -$                    -$                       -$                  
60.00$                15.00$                   75.00$              
-$                  
Sheet 1/8 x 16 1/4 x 18 3/4 1/8 x 16 1/4 x 37 1/2 Haskins Steel 100.00$              25.00$                   125.00$           
Sheet 1/8 x 5 x 17 1/4 1/8 x 5 x 34  1/2 Haskins Steel -$                  
Sheet 1/8 x 6 3/4 x 17 1/4 1/8 x 6 3/4 x 34 1/2 Haskins Steel -$                  
Sheet 1/8 x 19 1/4 x 16 1/2 1/8 x 19 1/4 x 16 1/4 Haskins Steel -$                  
10-32 UNF n/a CWU(Donation) -$                    -$                       -$                  
8-32 UNC n/a CWU(Donation) -$                    -$                       -$                  
1/4-28 UNF n/a CWU(Donation) -$                    -$                       -$                  
3/8-16 UNC n/a CWU(Donation) -$                    -$                       -$                  
-$                  
Need to be Found -$                    -$                       -$                  
Assorted n/a n/a CWU(Donation) -$                    -$                       -$                  
Assorted n/a n/a CWU(Donation) -$                    -$                       -$                  
Assorted n/a n/a CWU(Donation) -$                    -$                       -$                  
-$                  
-$                  
SubTotal 740.51$              Total 1,005.72$        
Grips Only SubTotal 580.51$              Total 795.72$           
Parts List and Estimated Expenses
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Term : Fall
Date:
Task Description
ID of Task Est. Act. 
A1 Brainstorming 6 6.1
A2 Sketching Ideas 5 5.5
A3 Survey Instron 3 3.2
B Proposal
B1 Introduction 4 4.1
B2 Design and Analysis 4 15.8
B3 Methods and Construction 4 12.1
B4 Methods of Testing 2 5.3
B5 Discussion 2 4.5
B6 Conclusion 1 5.4
B7 References/Biblio 2 0.8
B8 Parts List 2 6.5
B9 Budget 2 10.5
B10 Schedule 2 8.1
B11 Project Management 4 9.8
C Drafting/CAD
Gripping Assemblies
C1 Grips 0.5 1
C2 Housing 0.5 3.8
C3 Housing Pins 0.5 0.5
C4 Coupler 0.5 1.5
C5 Housing Mount 0.5 2.8
C6 Mounting Pins 0.5 0.5
C7 Load Cell Adapter 0.5 1.5
C8 Crosshead Adapter 0.5 1
Shelving Units
C9 Base 0.166667 0.2
C10 Walls 1 0.5 0.2
C11 Walls 2 0.5 0.5
C12 Top Shelf 0.5 0.5
D Analyses
Gripping Assemblies
D1 Grips 1 1.8
D2 Housing 2 4.5
D3 Housing Pins 0 0
D4 Coupler 1 1.8
D5 Housing Mount 1 1.5
D6 Mounting Pins 0.5 0.8
D7  Load Cell Adapter 1 0.8
D8 Crosshead Adapter 1 2.5
D9 Heim Joints 0.5 0.5
D10 Springs 1 1.2
D11 Bolts 0.5 0.3
D12 Washers 0.5 0.8
Shelving Units
D13 Base 0.5 0.3
D14 Walls 1 0.5 0.8
D15 Walls 2 0.5 0
D16 Top Shelf 0.5 0.5
Stepper Motor 
D17 RPM Speed 0.5 1.8
E Documentation/Drawings
Gripping Assemblies
E1 Grips 0.5 0.5
E2 Housing 0.5 1
E3 Housing Pins 0.5 0.25
E4 Coupler 0.5 0.5
E5 Housing Mount 0.5 0.5
E6 Mounting Pins 0.5 0.25
E7 Load Cell Adapter 0.5 0.5
E8 Crosshead Adapter 0.5 0.5
Shelving Units
E9 Base 0.5 0.25
E10 Walls 1 0.5 0.5
E11 Walls 2 0.5 0.5
E12 Top Shelf 0.5 0.75
F Planning/Collaboration
Gripping Assemblies
F1 Meet with Matt and Ted 0.25 1
Shelving Units
F2 Meet with Matt and Ted 0.25 0.25
Stepper Motor 
F3 Meet with Chriss Hobbs 0.5 2
Output Programming
F4 Meet with Greg Lyman 0.5 0.75
Total Hours 68.66667 141.6
Deliverables= *
= Optional
= Optional
= Required
= Required
= Required
= Optional
Week 9 Week 10
December
Duration(h) Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
November
Senior Project
Instron TT-C 1055 Redesign for Tensile Testing Lab Use
Principal Invesitigator: Melvin Hortman, MET 
September October
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Term : Winter
Date:
Task Description
ID of Task Est. Act. 
G1 Product Ordering 2 2
G2 Tool Ordering 2 2
G3 Lab Scheduling 1 1
G4 Time Logging 5 2
H Report
H1 Introduction 0 0
H2 Design and Analysis 0 0
H3 Methods and Construction 2 1
H4 Methods of Testing 2 6
H5 Discussion 8 0
H6 Conclusion 1 0
H7 References/Biblio 1 0
H8 Parts List 1 0
H9 Budget 1 0
H10 Schedule 1 1
H11 Project Management 5 0
Proposal*
P Preliminary Construction/Paperwork
Gripping Assemblies
P1 Grips Process Sheets 1 3.8
P2 Grips CNC Programming 5 4.4
P3 Housing Process Sheets 1 2
P4 Housing CNC Programming 5 9.27
P5 Housing Pins Process Sheets 1 2
P6 Coupler Process Sheets 1 1
P7 Housing Mount Process Sheets 1 1
P8 Mounting Pins Process Sheets 1 1
P9 Load Cell Adapter Process Sheets 1 0.5
P10Crosshead Adapter Process Sheets 1 0.5
Process  Sheets*
Written Programs*
Shelving Units
P11 Base Process Sheets 1 0
P12 Walls 1 Process Sheets 1 0
P13 Walls 2 Process Sheets 1 0
P14 Top Shelf Process Sheets 1 0
Process  Sheets*
Stepper Motor
P15 Outline Curcuitry 3 0
Curcuit Outline*
I Initial Construction/Machining 
Gripping Assemblies
I1 CNC Mill Grips 12 39.93
I2 CNC Mill Housing 40 72.87
I3 Housing Pins 2 10
I4 Coupler 12 6.35
I5 Housing Mount 10 4
I6 Mounting Pins 4 6
I7 Load Cell Adapter 16 8.1
I8 Crosshead Adapter 20 4.7
Part Pictures*
Shelving Units
I9 Base 1 0
I10 Walls 1 8 0
I11 Walls 2 8 0
I12 Top Shelf 5 0
Part Pictures*
Stepper Motor
I13 Build Curcuitry 4 0
Part Pictures*
Output Programming
I14 Acquire Computer 1 0
I15 Install and Program Labview 40 0
I16 Install hardware for Labview 4 0
Written Program and Part Pictures*
J
Gripping Assemblies
J1 Grips 3 3.5
J2 Housing 3 0
J3 Housing Pins 0 0
J4 Coupler 3 0
J5 Housing Mount 3 0
J6 Mounting Pins 3 0
J7  Load Cell Adapter 3 0
J8 Crosshead Adapter 3 0
Operation Reciepts* 0
K Precision Ground Machining
Gripping Assemblies
K1 Grips 4 0
K2 Housing 12 0
K3 Housing Pins 0 0
K4 Coupler 8 0
K5 Housing Mount 8 0
K6 Mounting Pins 4 0
K7 Load Cell Adapter 4 0
K8 Crosshead Adapter 4 0
Part Pictures*
L Planning/Collaboration
Gripping Assemblies
L1 Meet with Matt and Ted 2 5
Shelving Units
L2 Meet with Matt and Ted 2 0
Stepper Motor 
L3 Meet with Chriss Hobbs 2 3
Output Programming
L4 Meet with Greg Lyman 2 1
M Assembly of Components
M1 Gripping Assembly 2 4
M2 Stepper Motor 2 0
M3 Shelving Units 1 0
M4 Computer/Electronics 1 0
M5 Housing 1 0
Assembly Pictures*
Total Hours 317 204.92
Gripping Assembly Total Hours 235 204.92
Week 8 Week 9 Week 10
Drop Off and Pick Up for Heat Treatment 
March
Duration(h) Winter Break Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7
February
Senior Project
Instron TT-C 1055 Redesign for Tensile Testing Lab Use
Principal Invesitigator: Melvin Hortman, MET 
December January
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Term : Spring
Date:
Task Description
ID of Task Est. Act. 
N1 Product Ordering 2 1
N2 Lab Scheduling 1 0
N3 Time Logging 5 1
O Report
O1 Introduction 0
O2 Design and Analysis 0
O3 Methods and Construction 0 8.1
O4 Methods of Testing 5
O5 Discussion 5
O6 Conclusion 2
O7 References/Biblio 1
O8 Parts List 0
O9 Budget 0
O10 Schedule 0
O11 Project Management 1
Report*
P Hardness Testing 
Gripping Assemblies
P1 Grips 1 1.5
P2 Housing 1 0
P3 Housing Pins 1 0
P4 Coupler 1 0
P5 Housing Mount 1 0
P6 Mounting Pins 1 0
P7 Load Cell Adapter 1 0
P8 Crosshead Adapter 1 0
Hardness Evaluation Sheet*
Shelving Units
P9 Base 1 0
P10 Walls 1 1 0
P11 Walls 2 1 0
P12 Top Shelf 1 0
Hardness Evaluation*
Q Tensile Tests
Q1 1060-O Al 2 2
Q2 Mild Steel 2
Q3 High Carbon Steel 2
Tensile Test Observation Report*
R
Gripping Assemblies
R1 Grips 1
R2 Housing 1
R3 Housing Pins 1
R4 Coupler 1
R5 Housing Mount 1
R6 Mounting Pins 1
R7  Load Cell Adapter 1
R8 Crosshead Adapter 1
R9 Heim Joint 1
R10 Spring 1
R11 Fasteners 1
R12 Washers 1
Testing Pictures*
S Eddie Current Testing
Gripping Assemblies
S1 Grips 1
S2 Housing 1
S3 Housing Pins 1
S4 Coupler 1
S5 Housing Mount 1
S6 Mounting Pins 1
S7 Load Cell Adapter 1
S8 Crosshead Adapter 1
Gamma Test Evaluation Sheet*
T Additional Testing
Stepper Motor
T1 RPM Accuracy 3 0
Output Programming
T2 Load Callibration/Accuracy 3 0
U
U1 Failure Analysis 0 16.5
U2 Component Repairs 0 13.5
Total Hours 66 43.6
Gripping Assembly Total Hours 59 43.6
Make
Make
Make
Die Penetrant Testing
Instron TT-C 1055 Redesign for Tensile Testing Lab Use
Senior Project
Duration(h)
Principal Invesitigator: Melvin Hortman, MET 
Week 1 Week 4 Week 5 Week 6 Week 7
March April May
Week 8 Week 9 Week 10Week 2 Week 3
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Appendix F – Expertise and Resources 
 
Expertise 
 
Craig Johnson, Ph.D., P.E. 
 Professor – MET, IT/Cast Metals 
 
Charles Pringle, EIT 
 Assistant Professor – Mechanical Engineering Technology 
 
Roger Beardsley, P.E.  
 Assistant Professor – Mechanical Engineering Technology 
 
Matt Burvee 
 Engineering Technician – Engineering Technologies 
 
Greg Lyman 
 Engineering Technician – Engineering Technologies 
 
Ron Baker, P.E.  
 Technical Support Systems Engineer – Instron Corporation  
 
Ted Bramble 
 Lecturer – Mechanical Engineering Technology  
 
Christopher Hobbs, P.E 
 Lecturer – Electronics Engineering Technology 
 
Resources 
 
Central Washington University, Machining Laboratory 
 
Central Washington University, Materials Laboratory 
 
Central Washington University, Electronics Laboratory  
 
Pacific Metallurgical, Kent, WA 
 
McMaster-Carr Corporation, Los Angeles, CA 
 
MSC Industrial Supply Corporation, Melville, NY 
 
Hudson Tool Steel, Los Angeles, CA 
 
Speedy Metals, Milwaukee, WI 
 
Haskins Structural Steel, Spokane, WA 
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Expense Expense Description Estimated Cost Dealer Actual Cost
Parts/Components See Parts List 795.72$              See Parts List 967.65$           
Tools/Cutting Machinery MSC Industrial Supply
 End Mill Cutter 1/2 x 2 in 0 CWU 0
 Cutting Tool Lathe Turning 0 CWU 0
 Cutting Tool Lathe Boring 18.71 #02098671 0
 Cutting Tool Lathe Threading 14.65 #02099455 0
 Drill Bit 1/4 in 0 CWU 0
 Drill Bit 37/64 in 0 CWU 0
 Drill Bit X 0 CWU 0
 Tap 1 1/2-12 0
 Tap 5/8-18 UNF CWU 0
Shelving Units 37.5
Broken Tool Bit Replacements 139.00$           
Heat Treatment Pacific Metallurgical 
S7 Tempered 400 F For Gripping Assembly 0
4140 OQT 400 For Gripping Assembly 0
Testing Equipment 
Die Penetrant For DPT 17.57 MagnaFlux
Al Tensile Bar For Tensile tests 0 CWU
Steel Tensile Bars For Tensile tests 0 CWU
Total Estimated Cost 846.65$              Total Actual Cost 1,144.15$       
Budget and Expenses(Gripping Assembly Only) 
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Budget and Expenses 
    
Expense Expense Description Estimated Cost Dealer 
        
Parts/Components See Parts List  $              929.28  See Parts List 
      
Tools/Cutting Machinery   MSC Industrial Supply 
Carbide End Mill Cutter 1/2 x 2 in 0 CWU 
Carbide Cutting Tool Lathe Turning  0 CWU 
Carbide Cutting Tool Lathe Boring 18.71 #02098671 
Carbide Cutting Tool Lathe Threading 14.65 #02099455 
Carbide Drill Bit 1/4 in 0 CWU 
Carbide Drill Bit 37/64 in 0 CWU 
Carbide Drill Bit X 0 CWU 
High Strength Band Saw Blade Stronger than Tool Steel  CWU 
Carbide Tap 1 1/2-12    
Carbide Tap 5/8-18 UNF  CWU 
      
Heat Treatment   Pacific Metallurgical  
S7 Tempered 400 F For Gripping Assembly 100   
S5 Austenized b/w 1575-1600 ,  For Gripping Assembly 100   
Oil Quenched to 55 HRC     
      
Testing Equipment      
Die Penetrant  For DPT 17.57 MagnaFlux 
Al Tensile Bar For Tensile tests 0 CWU 
Steel Tensile Bars For Tensile tests 0 CWU 
      
  Total Estimated Cost 1180.21   
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Melvin Hortman 
Instron TT-C 1055 
 
 
EVALUATION SHEET 
GRIPPING ASSEMBLY HARDNESS TESTING 
 
Date Tester Room Time Start Time End Scale 
04/24/15 4PR-343 Metallurgy 3:17pm 4:00pm C 
04/25/15   11:25am 12:30pm C 
05/08/15   11:00am 12:45pm C 
      
 
 
 
Grips: Side 01 Side 02 Top Bottom 
01 61 57.3 56.3 56.3 57 56.3 56.4 56.3 57 56.3 57 56.3 
02 52 56 58 55 54 52.7 55.3 54 58 52.7 55.3 56 
03 53.3 49.7 47.3 54 57 55.3 56 59 55.3 60.3 60 58.3 
04 53.3 52 56 54.3 55.3 53 56.5 57.4 56 57 57 57 
 
Housing: Front Face Back Face 
 Near Corner End of Arm Left Corner Near Corner End of Arm Left Corner 
01 55.3 66.5                 
02                   
 
Housing Mount: Bottom of Thread Middle Cylinder Top Cylinder 
01 48 54.3 54.3 53 54.3 54 56.8 56 55.3 
02 54 48 54.3 54.3 54 53 56 55.3 56 
 
Coupler: Top Cylindrical Face Bottom 
01 44 46 54 55 54.3 56 49 54 51 
02 55.3 50 49 56 55.3 54.8 51.5 57 5 
 
Mounting Pins: End Middle End 
01 54 54 53.3 
02 54 53.3 55 
03 33 33 34 
04 33 35 34.3 
 
Load Cell Adapter: Top  Cylindrical Face Bottom 
01 54 51.5 53.5 54 55 53.3 54 55 53.3 
 
Crosshead Mounting 
Adapter: 
Cylinder Plate 
 Top Face At Weld Near Hole Near Weld 
01 54 55 53 56 55.3 53    54.4 56 54 54 55 54 
94 
 
EVALUATION SHEET 
GRIPPING ASSEMBLY EDDY CURRENT TESTING 
Date Tester Room Time Start Time End Scale 
06/04/2015 n/a 127 2:30 3:45 n/a 
      
      
      
 
Part Number Number of 
Voids/Cracks 
Explanation of Voids/Cracks 
Grips 01   
02   
03   
04   
Housing 01 0  
02 0  
Housing Mounts 01   
02   
Couplers 01   
02   
Mounting Pins 01   
02   
03   
04   
Load Cell 
Adapter 
01 
  
Crosshead 
Adapter 
01 
  
95 
 
Appendix H – Testing Report
96 
 
 
 
TESTING REPORT 
 
The Testing of the Instron TT-C Gripping Assemblies 
 
Melvin Hortman 
Central Washington University 
Mechanical Engineering Technology 
February - June 2015 
  
97 
 
 
INTRODUCTION 
 
 The purpose of this testing report was to document and analyze the testing data acquired from the testing of the 
gripping assemblies that were designed and constructed for use on the Instron TT-C 1055 tensile testing machine that was 
available for student use in the Central Washington University Materials Laboratory. The depth of testing performed on the 
gripping assemblies were hardness tests on each component of each gripping assembly before operation, tensile tests using 
the gripping assemblies to test Aluminum, low carbon, and high carbon steel in accustom to ASTM E8, die penetrant testing 
on each component of each gripping assembly, and eddy current testing on each component of each gripping assembly. The 
reason for such in depth testing was to ensure the capacity of the gripping assemblies to perform well while in operation. 
The investment into the design and construction of these gripping assemblies was only out of the intent that the gripping 
assemblies will be in use for at least 50 years and with adequate performance.  
  
The hardness test are being performed on the components of the gripping assemblies to ensure the tensile strength 
of each component after they have been heat treating. These tests are designated towards testing the reliability and 
effectiveness of the heat treat. The heat treating of the components of the gripping assemblies was being outsourced to 
Pacific Metallurgical in Seattle, Washington. If they are willing to provide hardness tests on each component after they 
have been heat treated, then hardness tests will not need be performed again by the tester. If this was the case, the hardness 
tests results from Pacific Metallurgical will need to be kept on file and included with this testing report. However, if this 
isn’t the case, then hardness tests will need to be performed on every face of ever component of each gripping assembly. 
Evaluation sheets are provided in the Appendix of this report as well as in Appendix G of the project report.  
Three hardness tests will need to be performed on each face and change in geometry of each component of each 
gripping assembly. They will be tested using the Rockwell hardness testers available in the Materials Laboratory of Central 
Washington University. The Materials lab has available all the necessary equipment needed for performing hardness tests 
on high strength materials such as diamond penetrators, cylindrical and flat anvils, and accurate hardness value dials 
equipped with every Rockwell tester. Every Rockwell tester was capable of being calibrated between one and three hardness 
values. The testers are also exceptionally accurate. Although they are not accurate to industry standard, they are accurate 
between 3-6 hardness values which was good enough for the data that the tester would like to retrieve. The hardness will be 
performed in either Rockwell C or Rockwell A scale.  
 The grips of the gripping assemblies will be tested specifically for their hardness because of the design 
requirement for hardness in the grips. The values will be recorded and an average will be taken and compared to the desired 
value in the design requirement of the project report.  
With the hardness values will be used to gather approximate information on the ultimate tensile strength of each of 
the components. To do this, the hardness values of each component will be averaged for each change in geometry and the 
average value will be used to gather an approximate tensile strength. Rockwell Hardness Charts will be used for gathering 
this data. The success/failure criterion will be based on whether the tensile strengths gathered are 25 ksi above or below the 
desired value. If there are outside this tolerance, those parts will not be used in normal operation and will have to be remade 
with either a different material or different heat treating schedule. The parts could also be heat treated again if that action 
would provide a desirable value. If failure occurs on any of the parts, further testing on those parts will not need to be 
performed. 
 
The tensile tests will be performed using the Instron TT-C 1055 tensile tester with the gripping assemblies attached 
and ready for operation. The tensile specimens that will be tested will be SAE A6061, SAE 1020, and SAE 1040. They will 
be machined using the Machining Lab of Central Washington University by the Machining Lab personnel. Only one 
specimen of each material will be needed. Load or strain will not be observed or measured, the specimens will only be tested 
to failure by manually moving the crosshead away from the specimens using the manual operation switch on the TT-C. The 
tester will observe the behavior of the machine and of the gripping assemblies, as well as inspect for yielding in the gripping 
assemblies. These observations will be recorded and placed in the Appendix of this report. Extreme caution will need to be 
taken when performing tests because it was likely that if the components of the gripping assembly don’t have a high enough 
yield strength that the parts could fracture without much yielding beforehand. The success/failure criterion for these tests 
will be whether the gripping assemblies stay intact or not. If any of the components fail, then further testing on those 
components will not need to be performed. 
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The die penetrant testing on each of the components will allow the components to be inspected for cracks and 
fractures in the gripping assemblies after the tensile tests have been performed. The die penetrant provided by Central 
Washington University will be the die penetrant to be used. Each component of each gripping assembly will be covered 
completely in the penetrant and then inspected under UV lighting. Observations will be recorded and included in the 
Appendix of this report. Data will be taken using photos to document the die penetrant testing. If any cracks or fractures are 
found in a component, then that component will be considered a failed part and will not need further testing. Cracks and 
fractures will be pointed out in an obvious manner in all photos where relevant and photos will be placed in the Appendix 
of this report.  If failure was found the components will need to be redesigned using a stronger, more ductile material.  
 
The eddy current testing on the components of the gripping assemblies will allow the components to be inspected 
for internal cracks and voids. These tests are need because it was very likely if the components’ tensile strength isn’t high 
enough that they fracture internally during the tensile tests they perform in earlier tests. The eddy current testing machine 
owned by Central Washington will be the one to be used for the testing. Central has all necessary equipment for performing 
the test such as testing ointment and inspecting agents. Each face of each component will need to be inspected along the 
entire length of the face. If any cracks or voids are observed, then that component was considered a failed component. The 
data will be taken using the evaluation sheet for this test. All observations will be noted during testing and provided in the 
Appendix of this testing report. If failure occurs, the failed component will need to be redesigned for a stronger and more 
ductile material.  
 
 
PROCEDURE 
 
Hardness Testing  
 
1. Gather all components of each gripping assembly to the Materials lab for testing and prepare a Rockwell Hardness 
tester for testing. Set the proper weight and penetrator on the tester to the desired Rockwell scale to be used for 
testing (either A or C).  
2. Calibrate the tester using a Rockwell calibration block available in the Materials lab. Be sure to record the 
calibration value on the evaluation sheet. For calibrating instructions, see the instructions sheet posted to the right 
of the Rockwell hardness tester in the materials lab.  
3. Set the appropriate anvil on the tester for whichever component to be tested first (either cylindrical or flat) and do 
so for each component throughout testing.  
4. Set component on the anvil approximately centered on the anvil, and raise the anvil to the penetrator to where the 
penetrator was almost touching the component.  
5. Set the desired testing location on the component just below the penetrator.  
6. Raise the anvil, pressing the component against the penetrator until the small arrow on the tester dial has become 
aligned with the red dot above the arrow after its second revolution.  
7. Ensure that the component was still lying flat or concentric on the anvil and adjust the tester dial so that it reads 0.  
8. Drop the lever on the right of the hardness tester, after it has slowed to almost a stop, wait two seconds, and then 
raise the lever back to its original position.  
9. Record the hardness value, taking into account the calibration value, on to the evaluation sheet. 
10. Repeat steps 4-9 twice for different locations along the length of the component face being tested. 
11. Repeat steps 3-10 for the rest of the changes in geometry and components of the gripping assemblies.  
12. After all hardness values are acquired, take the average hardness value of each change in geometry for each 
component and retrieve an approximate tensile strength using a Rockwell Hardness Chart.  
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Tensile Testing 
 
1. Gather the three tensile specimens and bring them to the Materials lab for testing. Ensure that the gripping 
assemblies are properly assembled onto the Instron TT-C tensile tester. Power on the TT-C, enable the amplydine, 
and wait five minutes for the machine to warm up.  
2. After the machine has warmed up, load the first tensile specimen into the gripping assemblies by clamping the 
specimen between the grips. To apply full clamping force, move the crosshead away from the specimen manually, 
applying a little load. Ensure that the specimen was approximately in the center of the clamping grips.  Also, make 
sure that the specimen was immobile and will not slide or slip from between the grips.  
3. Now, making sure protection gear was worn, begin to manually move the crosshead further away from the specimen, 
applying more and more load to the specimen. Be sure to observe the tensile specimen and the gripping assembly 
very carefully, watching for yielding or fracture.  
4. Continue to displace the crosshead until fracture in the tensile specimen occurs, and once fracture has occurred, 
observe the fractured specimen and the components of the gripping assemblies without disassembling the 
components from the TT-C.  
5. Record all observations, taking note of any yielding or fracture in the gripping assemblies, as well as looking for 
signs of bending on the fractured tensile specimen. Also note any irregular movement or noise from the TT-C.  
6. Repeat steps 2-5 for the final two tensile specimens. Be especially watchful on the high carbon tensile specimen.  
 
Die Penetrant Testing 
 
1. Gather all the components of the gripping assemblies to the Materials lab and bring them to die penetrant testing 
area. Prepare the die penetrant solution, cleaner, UV lamp, and paper towels. Plug in and turn on the UV lamp at 
this time.  
2. Cover the table completely in paper towels to keep the harsh solutions from getting on the table.  
3. Clean all the components on the paper towels with the cleaner, wiping them clean with paper towels. Clean for 
approximately three minutes for each component. After the component has been cleaned, keep the component on 
the paper towels.  
4. After all parts have been clean, completely cover every component with the die penetrant solution and wait five 
minutes for the components to dry and for the penetrant to sink into any suspected cracks after the last component 
has been sprayed.  
5. Bring the UV lamp within four inches of the first component to be inspected and observe for any cracks or fractures. 
Make sure to observe the full surface area of the component under the UV lamp.  
6. Record all observations concerning possible cracks or voids and be sure to record 2-3 photos, or whatever was 
reasonable, of each component face and change in geometry. Repeat for the rest of the components.  
7. After all photos and observations are made, clean the penetrant off of every component.  
 
Eddy current Testing 
 
1. Gather all parts to the Materials lab and bring the parts to the die penetrant testing table, which was also where eddy 
current testing takes place. Power on the eddy current testing machine, prepare the testing ointment and the proper 
inspecting agent, and get ready the first component to test.  
2. Apply testing ointment to the first face of the first component to be tested and calibrate the eddy current tester to 
measure the depth of the first component so that only the depth of the component shows up on the display screen.  
3. Move the inspecting agent across the entire face of the component being tested. Observe and record any signs of 
internal cracks or voids using the provided evaluation sheet.  
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4. Repeat steps 2 and 3 for the rest of the components. The multiple faces of each component do not need to be 
calibrated for.  
 
RESULTS 
 
Hardness Testing 
 For the hardness values gathered in the hardness test evaluation sheet available in Appendix F, averages 
were taken for each component. Those values are displayed below.  
Grip 1 57 Coupler 1 51.5 
Grip 2 55 Coupler 2 54 
Grip 3 55.5 Mounting Pin 1 54 
Grip 4 55.4 Mounting Pin 2 54 
Housing 1 Inconclusive Mounting Pin 3 33.3 
Housing 2 Inconclusive Mounting Pin 4 34.1 
Housing Mount 1 54 Load Cell Adapter 54 
Housing Mount 2 54 Crosshead Adapter 55 
Table 2: Averaged Hardness Values of Gripping Assembly Components 
 Retrieving the hardness values for the housing components was inconclusive because the components 
were too large to be tested on the Rockwell hardness testing machines available at Central Washington 
University. Though hardness were not able to be achieved, the consistency of the hardness values that had the 
same heat treatment allows for a confident assumption that the housing components are above a Rockwell C 
value of 50.  
 Housing pins 3 and 4 were the failure modes for the assemblies so they were designed to have lower 
hardness values. However, in the next section, the failure of these failure modes will be discussed.  
 The rest of the hardness values for the components are all well above their required hardness values. The 
grips were required to have hardness values of at least 55 and the rest of the components with the exception of 
the failure mode pins were required to have hardness values of 50.  
 
Tensile Testing 
 The first tensile test was performed on an Aluminum test 
specimen and during the testing, the gear system was stalling as it 
got to a certain load. The operator attempted to push past the stall 
but that resulted in a fuse in the machine blowing. This prohibited 
the assemblies from being taken out of load for an entire weekend. 
The estimated load on the components was 4000 lbs and this force 
caused a crack in the housing component on the bottom assembly 
to form at the threaded hole near the top of the housing 
component. This crack spread all the way through the housing 
component causing the component to split in half completely.  
Figure 16: Fracture site of Housing during first tensile 
test with an Aluminum specimen 
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 During this test, the failure mode pins also yielded by approximately ten degrees measured by a 
protractor.  
 For the second trial, the gear box input for the tensile tester was turned manually at a slow speed and 
because of this, the testing machine was able to fracture the 0.5” cross section Aluminum specimen. No yield or 
fracture in the gripping assemblies was observed.  
 A 1020 steel specimen of the same size was then tested but even at the slow load speed, the motor in the 
tensile tester was unable to reach high enough loads to fracture the steel specimen. The steel specimen was 
pulled as far as the motor would pull it and no yielding or fracture was observed in the gripping assemblies. To 
complete the test, it is suspected that the motor driving the gear train in the tensile tester will have to be replaced 
due to wear. For the scope of this project, testing was not able to be completed so die penetrant testing and eddy 
current testing was done on the gripping assemblies without full tensile testing.  
 
Die Penetrant Testing 
 Die penetrant testing was done on the two housing components, the crosshead adapter, and three of the 
mounting pins that were replacements for a lost pin and the two failure mode pins that were incorrectly 
designed. Only these components were tested because they were critical components that were most likely to 
fail under the load. Photographs of the tests are in the appendices. Of all of the components, none of them have 
crucial cracking. There are many surface cracks from heat treating, all of which can scrape off.  
 
Eddy Current Testing 
 Only the two housing components were tested using the ultrasonic machines because they were the only parts thick 
enough to produce usable results that were also critical components. The eddy current graphs, which are available in the 
appendices, show that there were no internal cracks or fractures in the components.  
 
DISCUSSION 
 
Hardness Testing 
 Because the hardness tests for most of the gripping components were above the required hardness value, the strength 
of the components can be assured. This allows the testing operator to be sure throughout succeeding tests that failure is not 
due to compromised strength. Failure is not due to faulty machine practice or faulty heat treating practice but strictly because 
the load impressed on the components was higher than the strength of the components. This would mean an overlook in 
design and analysis.  
Tensile Testing 
 During the first trial, the bottom housing component failed due to an overlook in analysis on the housing component. 
The top section where the threaded through hole is located was not considered as a beam during initial analysis but it would 
have been appropriate to do so. So the housing top section was considered as a beam and it was found that the calculated 
stress was much closer to the ultimate strength of the material than first anticipated. It wasn’t calculated to be over the 
ultimate strength so there must have been additional factors unknown that added to the stress of the member. To repair and 
fix the housing, the two broken pieces were welded back together with three weld beads that were 3/8” in diameter. Also to 
plates of the same strength and material were welded on to the arms of each housing to add approximately double the 
original strength to the components.  
102 
 
 During the second trial, nothing fractured or even yielded in the assemblies so it is safe to say that the gripping 
assemblies can withstand at least 7000 ibs. It is also safe to assume that they can withstand up to 10,000 ibs because of the 
rigidity of the assemblies displayed during testing of the steel specimen.  
Die Penetrant Testing 
  
 Because there were no physical cracks in the components, only surface cracking, the structural integrity 
of the components were not compromised when used during tensile tests of Aluminum specimens. This means 
that the gripping assemblies can withstand up to at least 8,000 ibs of pulling force and also whatever pulling 
force was on the steel specimen when tested when the tensile machine reached is max load. They can withstand 
these forces without yielding or fracturing which means theoretically that they will be able to withstand those 
forces for as long as the components are functional.  
 
Eddy Current Testing 
 
 The same is also true because there were no internal cracks found. It is still possible for internal cracks 
to form from the formation of residual stresses from change in temperature, but that is unlikely to happen. The 
assemblies will be in a temperature controlled room where it will always be near room temperature.  
   
CONCLUSION 
 
 Because testing was not able to be continued due to errors in the machinery of the tensile testing machine, the 
strength of the part was not able to be fully tested for integrity. Although disappointing, the gripping assemblies were able 
to be tested to the point of knowing their strength up against aluminum. The assemblies were able to test Aluminum 
specimens fracturing at 8,000 ibs and did not show any strain when testing the 1020 steel specimen when the testing machine 
maxed out. In conclusion to all the testing, it was safe to say that up to 10,000 ibs of pulling force could be safely put on the 
gripping assemblies. The goal was to reach 20,000 pounds, so it seems that the project has failed in design. But the failure 
is not assured because of the lack of resources to test the gripping assemblies to their max load on a machine that can 
withstand the force. Further testing will be commenced as soon as the existing machine is repaired to withstand its original 
max load or a new machine is acquired which can withstand up to at least 20,000 ibs of force  
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Appendix I – Testing Data 
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Figure 17: Top Middle Section of Housing (Die Penetrant) 
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Figure 18: Middle Weld Section of Housing (Die Penetrant) 
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Figure 19: Weld Location of Structural Plate on Housing (Die Penetrant) 
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Figure 20: Weld Section of Structural Plate Top View (Die Penetrant) 
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Figure 21: Side View of Weld Section of Structural Plate on Housing 
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Figure 22: Weld Area on Crosshead Adapter (Die Penetrant)  
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Figure 23: Middle Weld Section of Housing 02 (Die Penetrant)  
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Figure 24: Mounting Pin (Die Penetrant) 
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Figure 25: Mounting Pin 02 (Die Penetrant) 
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Figure 26: Crosshead Adapter Setup (Die Penetrant) 
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Figure 27: Welded Housing Setup (Die Penetrant) 
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Figure 28: Housing Setup (Die Penetrant) 
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Figure 29: Mounting Pins Setup (Die Penetrant) 
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Figure 30: Ultrasonic Graph of 2.5" Control Material (Eddy Current) 
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Figure 31: Side Placement Above Threaded Hole on Housing (Eddy Current) 
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Figure 32: Side of Housing (Eddy Current) 
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Figure 33: Top of Housing (Eddy Current) 
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Figure 34:Top Two of Housing (Eddy Current) 
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Figure 35: Side of Second Housing (Eddy Current) 
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Figure 36: Second Side of Second Housing (Eddy  Current) 
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Figure 37: Top of Second Housing (Eddy Current 
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